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PREFACE 

The Naval Sea Systems Command (NAVSEA) h a s  under taken  a  Command- 
wide e f f o r t  t o  c o n c e p t u a l i z e ,  d e v e l o p ,  and implement an 
I n t e g r a t e d  Robot ics  Program. T h i s  work was i n i t i a t e d  e a r l y  i n  FY 
83 by COMNAVSEA, V i c e  Admiral E. B. Fowler ,  when h e  e s t a b l i s h e d ,  
w i t h i n  t h e  NAVSEA A c q u i s i t i o n ,  P l a n n i n g  and A p p r a i s a l  
D i r e c t o r a t e ,  a  b i l l e t  f o r  a S p e c i a l  A s s i s t a n t  f o r  Robo t ics  t o  
s e r v e  as t h e  f o c a l  p o i n t  of  NAVSEA i n t e r e s t .  LCDR H.  R .  ( B a r t )  
E v e r e t t  h a s  s e r v e d  i n  t h i s  b i l l e t  s i n c e  i t s  i n c e p t i o n .  

The Off ice o f  Robot ics  and Autonomous Systems (SEA 90G) was 
o f f i c i a l l y  e s t a b l i s h e d ,  under  LCDR E v e r e t t ,  i n  May 1984.  
COMNAVSEAVs i n t e r e s t  i n  and commitment t o  r o b o t i c s  was conf i rmed 
and expanded by i s s u a n c e  i n  FY 84 of  a  broad p o l i c y  s t a t e m e n t  
t h a t  c o n s t i t u t e d  t h e  fo rmal  s t a r t  of  and g u i d a n c e  f o r  t h e  
i n t e g r a t e d  program d e s c r i b e d  i n  t h i s  document.  

T h i s  F Y  85 Annual Repor t  c o n s i s t s  o f  f o u r  s e c t i o n s ,  w i t h  c o n t e n t  
a s  f o l l o w s :  

S e c t i o n  I - INTRODUCTION d i s c u s s e s  t h e  p o t e n t i a l  o p p o r t u n i -  
t i e s  t o  t h e  Navy and t h e  approach  be ing  fo l lowed  t o  a c h i e v e  an  
i n t e g r a t e d  r o b o t i c s  program; e s t a b l i s h e s  t h e  need and o v e r a l l  
g o a l s  and b a s i c  o b j e c t i v e s  of  t h e  program; ref lects  t h e  program's  
c h r o n o l o g i c a l  h i s t o r y ;  and h i g h l i g h t s  some accomplishments  t o  
d a t e .  

S e c t i o n  I1 - PROJECT REVIEW r e p o r t s  on t h e  s c o p e ,  p r o g r e s s  
and s t a t u s  o f  p r o j e c t s  be ing  pursued .  A m a t r i x  index of a l l  
ongoing p r o j e c t s  is inc luded  a t  t h e  back of  t h i s  volume, w i t h  
NAVSEA and pe r fo rming  o r g a n i z a t i o n  p o i n t s  of  c o n t a c t .  

S e c t i o n  I11 - TECHNOLOGY CONCERNS d i s c u s s e s  t h e  impor tance  
of  i d e n t i f y i n g  s u p p o r t i n g  t echno logy  v o i d s ,  l i s ts  s p e c i f i c  a r e a s  
o f  needed r e s e a r c h  and development ,  and d e s c r i b e s  mechanisms f o r  
t echno logy  t r a n s f e r .  

S e c t i o n  I V  - SUMMARY, CONCLUSIONS AND PROJECTIONS a p p r a i s e s  
t h e  end-of-year s t a t u s  of t h e  program and i ts  f u t u r e  
e v o l u t i o n  and o b j e c t i v e s  . 

iii 



DEPARTMENT OF THE NAVY 
NAVAL SEA SYSTEMS COMMAND 

WASHINGTON D C 20362 

IN REPLY REFER TO 

2020 
Ser 90(;/63 
11 May 1984 

From: Cbmmander, Naval Sea Systems Command 
'Ib: Distribution 

Sub j: NAVSEA POLICY RELATIVE TU INTELLIGENT MACHINE AUKl4ATICN AND 
m m 1 C S  

1. Intelligent Machine Automation is a new area of advamed technology being 
extensively researched, developed and applied within industry. As a 
multi-billion dollar claimant of the industrial resources of the nation, the 
Navy must capitalize on the tremendous potential of this new technology in the 
manufacture, maintenaxe and operation of ship and combat systems when it is 
cost effective to do so. In this regard, an important goal of this Qmmand is 
to ensure that the Navy utilizes intelligent systems to reduce total 
li f e-cycle costs, guarantee quality, improve readiness , extend endurance, free 
human assets for higher-order functions, and erihar-ce the attractiveness of 
shipboard life for Naval personnel. 

2 .  It is recognized that all parts of such a comprehensive goal cannot be 
achieved simultaneously , but because they are interrelated they should be 
pursued on an integrated basis. A NAVSEA Robotics Program Plan (under 
development) will set forth the planned actions to achieve this integration. 
In the interim, addressees are encouraged to investigate ways to utilize this 
new technology to improve quality and productivity in their functional areas. 

3. ?he bbotics Program Plan, wfiich will reflect the deliberations and the 
earlier independent work of the members of the NAVSEA Robotics Coullcil, will 
fully develop the follawing approach: establish an understanding and Qmmand 
awareness of the state-f-the-art and the current prognosis for 
robotics/~ntelligent Machine Automation technology; accumulate and organize a 
readily accessible data base; critically and constructively review all ongoing 
projects and ensure that continuing efforts in those projects are addressed to 
accomplishments consistent with the major thrusts comprising the Command goal; 
identify Navy needs for robotic applications; match those needs to technology 
requirements; address through research and development efforts those 
technology requirements that are not being addressed by the private sector; 
share technology across as broad a commercial and Navy spectrum as is 
feasible; develop and demonstrate prototype applications; conduct cost benefit 
analyses on all promising prototypes; select and implement winners; and, 
sponsor an appreciation of the robotic power of proven prototypes throughout 
the Navy. 



4. lb facilitate the attainment of this goal, LCOR Bart Everett (SEA 90G) is 
designated as my Special Assistant for Robotics. He will be responsible for 
developing and executing the Robotics Program Plan; acquiring, synthesizing 
and disseminating robotics tedhnological information; conducting studies, 
convening workshops and attending industrial and academic conferemes and 
demonstrations ; and participating as a counselor/advisor to N A '  in 
exploratory and decision briefings related to robotics applications in ship 
and weapon acquisitions, maintenance and operational programs. 

5. ?b minimize redundancy in development efforts, to ensure the comptibility 
of independently developed systems, to avoid the risks of inappropriately 
assigned or ill-comeived applications, and to ensure that progress is made on 
the broad spectrum of the Robotics -ram Plan (when promulgated), all NAVSEA 
robotics efforts &all be coordinated with SEA 90G. 

6. lhe NAVSEA ~obotics/Artif icial Intelligence Data Base has been established 
at the Naval Oceans Systems Center to provide the mechanism for descriptive 
and status information on all ongoing and planned robotics projects. 
Individual codes initiating programs in robotics are tasked to become aware of 
and take advantage of ongoing and planned efforts, and to ensure that new 
initiatives are properly scoped to provide the maximum advantage to the 
Cammand . 
7. All of the foregoing is intended to provide a Qmmand atmosphere of 
acceptance for initiatives in this important new technology. I call upon all 
of you to examine the opportunities that robotics offers to your functional 
responsibilities, and to consider the allocation of some of your resources in 
appropriate projects as an investment in the Kavy's future. 
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SECTION I - INTRODUCTION 

THIS SECTION PRESENTS THE PHILOSOPHY, CONCEPT, AND STRUCTURE THAT 
SERVE AS THE UNDERPINNINGS FOR THE DECISION TO INTEGRATE THE PRO- 
GRAM, AND HIGHLIGHTS THE ACCOMPLISHMENTS TO DATE, UNDER THESE 
HEAD1 NGS : 

0 THE OPPORTUNITY 
0 THE NEED FOR AN INTEGRATED PROGRAM 
0 THE APPROACH 
0 PROGRAM GOALS AND OBJECTIVES 
0 ACCOMPLISHMENT HIGHLIGHTS 



INTRODUCTION 

THE OPPORTUNIm 

W e  are i n  an  e n v i r o n m e n t  which demands more e f f i c i e n c y  and 
i n c r e a s e d  p r o d u c t i v i t y  i n  o r d e r  t o  p r o t e c t  i m p o r t a n t  n a t i o n a l  
d e f e n s e  p rog rams  s u c h  a s  t h e  600- sh ip  Navy. The d r i v e  t o  r e d u c e  
t h e  b u d g e t  d e f i c i t  t o  t h e  z e r o  l e v e l  by  1 9 9 1  c l e a r l y  c h a l l e n g e s  
a l l  managers  t o  seek i n n o v a t i v e  t e c h n i q u e s  t o  i n c r e a s e  
p r o d u c t i v i t y  and m a i n t a i n  p l a n n e d  h i g h  q u a l i t y  o u t p u t  w h i l e  
r e d u c i n g  c o s t s .  

I n  h i s  a n n u a l  r e p o r t  t o  C o n g r e s s ,  R icha rd  D .  DeLauer ,  f o r m e r  
Under S e c r e t a r y  o f  D e f e n s e  f o r  R e s e a r c h  and E n g i n e e r i n g ,  
i n d i c a t e d  t h a t  l i f e  s c i e n c e  and r o b o t i c s / m a c h i n e  i n t e l l i g e n c e  
r ank  h i g h  on t h e  l i s t  o f  basic t e c h n o l o g i e s  w i t h  t h e  g r e a t e s t  
p o t e n t i a l  f o r  s i g n i f i c a n t l y  improving  capab i l i t i e s  i n  t h e  n e x t  1 0  
t o  20 y e a r s .  Robo t i c s /mach ine  i n t e l l i g e n c e  is a new o u t g r o w t h  o f  
advanced  t e c h n o l o g y  t h a t  is b e i n g  e x t e n s i v e l y  r e s e a r c h e d  and 
a p p l i e d  i n  i n d u s t r y  t o  e f f e c t  i n c r e a s e s  i n  p r o d u c t i v i t y ,  improve 
r e s u l t a n t  q u a l i t y ,  and e n h a n c e  worker  s a f e t y  and c o m f o r t .  The 
i n d u s t r i a l  r o b o t s  a v a i l a b l e  t o d a y  a r e  t h e  r e s u l t  o f  t h e  merg ing  
o f  s i g n i f i c a n t  t e c h n i c a l  a d v a n c e s  i n  e lec t r i ca l  and m e c h a n i c a l  
e n g i n e e r i n g ,  as w e l l  as i n  compu te r  s c i e n c e .  U n t i l  r e c e n t l y ,  
r o b o t s  were complex and e x p e n s i v e  mach ines  j u s t i f i a b l e  o n l y  
i n  h i g  h-volume a p p l i c a t i o n s .  C o n t i n u i n g  improvements  i n  
t echno logy  have d e c r e a s e d  t h e  price o f  componen t ry  and b roadened  
t h e  r a n g e  o f  c o s t - e f f e c t i v e  u s a g e .  

The p r o j e c t e d  ma jo r  impact o f  f u t u r e  r o b o t i c  s y s t e m s  on 
p o t e n t i a l  Navy a p p l i c a t i o n s  is  based  s o u n d l y  on t h e s e  c o n t i n u e d  
t e c h n o l o g i c a l  improvements  and c o s t  r e d u c t i o n s ,  c o u p l e d  w i t h  
r e c o g n i t i o n  t h a t  t h e r e  w i l l  be many a d v a n t a g e s  o v e r  t h e  
human l a b o r  c o u n t e r p a r t .  M u l t i - f u n c t i o n a l  f l e x i b l e  s y s t e m s  w i t h  
eve r - improv ing  d e x t e r i t y  and a d a p t a b i l i t y  c a n  p e r f o r m  t a s k s  
r e q u i r i n g  c o n s t a n t  a t t e n t i o n  t o  d e t a i l  ( o b l i v i o u s  t o  c h e m i c a l ,  
n u c l e a r ,  o r  i n d u s t r i a l  e n v i r o n m e n t s  h a r m f u l  o r  u n p l e a s a n t  t o  
humans) w i t h  g r e a t  r e p e t i t i v e n e s s  and min ima l  downtime.  By 
v i r t u e  o f  t h e s e  c h a r a c t e r i s t i c s ,  s u c h  s y s t e m s  c a n  marked ly  r e d u c e  
t h e  need f o r  s p e c i a l i z e d  l a b o r  and e x t e n s i v e  p e r s o n n e l  t r a i n i n g  
p rog rams ,  and c a n  c o n t r i b u t e  s i g n i f i c a n t l y  t o  g a i n s  i n  
p r o d u c t i v i t y  as w e l l  as q u a l i t y .  

The p r o s p e c t i v e  deve lopmen t  o f  a p p r o p r i a t e  s e n s o r s  and 
i n t e l l i g e n t  s y s t e m s  h a s  made real-time a d a p t i v e  c o n t r o l  o f  t h e  
r o b o t ' s  a c t i o n s  a  r e a s o n a b l e  e x p e c t a t i o n  i n  t h e  n e a r  f u t u r e .  
Coupled w i t h  s o p h i s t i c a t e d  o f f - l i n e  programming t e c h n i q u e s  and 
knowledge-based c o n t r o l  c o n c e p t s ,  t h e s e  d e v e l o p m e n t s  a r e  r a p i d l y  
expand ing  t h e  r a n g e  o f  p o t e n t i a l  a p p l i c a t i o n s  f o r  i n d u s t r i a l  
r o b o t s  i n t o  t h e  medium- and low-volume r e g i o n s  t y p i c a l  o f  
s h i p  c o n s t r u c t i o n  and r e p a i r  s c e n a r i o s .  The Navy, w i t h  i t s  
m u l t i b i l l i o n - d o l l a r  i n d u s t r i a l  base , s t a n d s  t o  b e n e f i t  
eno rmous ly .  



THE OPPORTUNITY 

@ THE CHALLENGE I S  TO REDUCE COSTS I N :  

- S H I P  AND WEAPON SYSTEM A C Q U I S I T I O N  

- REPAIR AND OVERHAUL WORK 

@ AND ... REDUCE THE MANNING REQUIREMENTS OF A 6 0 0 - S H I P  

NAVY 

@ A SUPPORTING INFRASTRUCTURE I S  A V A I L A B L E  TO TRANSLATE NEW 

DEVELOPMENTS INTO:  

- S H I P B U I L D I N G  TECHNOLOGY 

- WEAPONS MANUFACTURING 

- MAINTENANCE AND REPAIR 

- SHIPBOARD AND OTHER MOBILE SYSTEM A P P L I C A T I O N S  

- I N T E L L I G E N T  WEAPONS 

- AUTONOMOUS SYSTEMS 

@ MANPOWER I M P L I C A T I O N S :  

- REDUCED NEED FOR S P E C I A L I Z E D  LABOR AND T R A I N I N G  

- BETTER AND SAFER USE OF HUMAN ASSETS 

- POSSIBLE DECREASE I N  TOTAL MANNING REQUIREMENTS 

@ INCREASED PRODUCTIVITY THROUGH: 

- AN INCREASING NUMBER OF POTENTIAL A P P L I C A T I O N S  

- AN IMPROVING COST TO C A P A B I L I T Y  R A T I O  

- USE OF ADAPTIVE CONTROL I N  UNSTRUCTURED ENVIRONMENTS 

- I N T A N G I B L E  B E N E F I T S  



INTRODUCTION 

THE NEED FOR AN INTEGRATED PROGRAM 

Under p r e s s u r e  t o  r e d u c e  c o s t s  and i n c r e a s e  p r o d u c t i v i t y  w h i l e  
e s t a b l i s h i n g  and m a i n t a i n i n g  an  e f f e c t i v e  600- sh ip  f o r c e  a t  a  
h i g h  s t a t e  o f  r e a d i n e s s ,  t h e  Navy must  s e e k  o u t  and a p p l y  
r e l e v a n t  i n n o v a t i v e  t e c h n o l o g y .  T e c h n o l o g i c a l  p r o g r e s s  is  one  o f  
t h e  mos t  p o w e r f u l  f o r c e s  i n  t h e  e f f o r t  t o  improve upon 
c o n v e n t i o n a l  p r a c t i c e s  a s s o c i a t e d  w i t h  t h e  m a n u f a c t u r e ,  r e p a i r ,  
and o p e r a t i o n  o f  s h i p  s y s t e m s .  T rans fo rming  new c o n c e p t s  
i n t o  p r a c t i c a l  and p r o d u c t i v e  u s e  is  n o t  g u a r a n t e e d .  Reaping 
t h e  b e n e f i t s  o f  r o b o t i c  t e c h n o l o g y  r e q u i r e s  a  well o r g a n i z e d  
program w i t h  r e a l i s t i c  s h o r t  and l o n g  term g o a l s .  F o r  s u c h  
t e c h n o l o g y  t o  b e  u s e f u l ,  i t  must  be a c c e s s i b l e ,  t i m e l y  and 
a p p r o p r i a t e .  An a g g r e s s i v e  and d i r e c t e d  i n t e g r a t e d  NAVSEA 
program,  w i t h  p a r t i c i p a t i o n  a t  a l l  l e v e l s ,  i s  e s s e n t i a l  t o  
e f f e c t i v e l y  c a p i t a l i z e  on t h e  p e r c e i v e d  b e n e f i t s  o f  f l e x i b l e  
a u t o m a t i o n  and i n t e l l i g e n t  s y s t e m s .  

Recogn iz ing  t h e  need  t o  r a p i d l y  t r a n s i t i o n  t h i s  e v o l v i n g  
t e c h n o l o g y  i n t o  p r o d u c t i v e  u s e ,  NAVSEA i n i t i a t e d  i t s  I n t e g r a t e d  
R o b o t i c s  Program i n  1984.  C o n s i d e r a b l e  e f f o r t  had been  expended 
toward deve lopmen t  o f  i n d u s t r i a l  r o b o t i c  c a p a b i l i t i e s  u s i n g  
M a n u f a c t u r i n g  Technology  (MT) Program f u n d s ,  w i t h  s i g n i f i c a n t  
r e s u l t s .  The s c o p e  o f  s u p p o r t  mus t  expand ,  however ,  as e f f o r t s  
t o  r e d u c e  c o s t s  and improve e f f i c i e n c y  and s e r v i c e s  t h r o u g h  
t e c h n i c a l  a d v a n c e s  c o n t i n u e  t o  i n t e n s i f y .  The growing  
s o p h i s t i c a t i o n  of  p r o d u c t s  and p r o c e s s e s  u n d e r s c o r e s  t h e  need f o r  
i n c r e a s e d  f u n d i n g  , communica t ions ,  c o o p e r a t  i o n ,  and t e c h n o l o g y  
t r a n s f e r .  

The o v e r a l l  i n t e g r a t e d  program is c h a r a c t e r i z e d  by  t h e  need  t o :  
i d e n t i f y  t e c h n o l o g y  d e f i c i e n c i e s  and a p p l i c a t i o n s ;  match  
r e q u i r e m e n t s  t o  c a p a b i l i t i e s ;  i d e n t i f y  a p p r o p r i a t e  r e s e a r c h ,  
d e v e l o p m e n t ,  and d e m o n s t r a t i o n  p r o j e c t s ;  min imize  r e d u n d a n c i e s ;  
u p d a t e  t h e  t e c h n o l o g y  b a s e l i n e ;  i n i t i a t e  Navy s p o n s o r e d  r e s e a r c h  
f o r  u n i q u e  Navy r e q u i r e m e n t s ;  and a c c o m p l i s h  t e c h n o l o g y  t r a n s f e r .  

A c r i t i c a l  need o f  a n  i n t e g r a t e d  program is NAVSEA's a w a r e n e s s  o f  
r e s e a r c h  and deve lopmen t  e f f o r t s  s p o n s o r e d  and funded  by o t h e r  
commands. An e f f e c t i v e  NAVSEA/ONR/ONT i n t e r r e l a t i o n s h i p  is  
e s s e n t i a l  f o r  e n s u r i n g  maximum p r o g r e s s  and c o s t - e f f e c t i v e  
r e s u l t s .  S e p a r a t e l y  managed e f f o r t s  w i t h i n  NAVSEA must  be 
l i n k e d  v i a  t h e  i n t e g r a t e d  NAVSEA program t o  min imize  
d i f f i c u l t i e s  i n  m e e t i n g  p r o j e c t e d  m i l e s t o n e s ,  and e n s u r e  o p t i m a l  
u t i l i z a t i o n  o f  l i m i t e d  r e s o u r c e s .  
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INTRODUCTION 

THE APPROACP 

The NAVSEA I n t e g r a t e d  Robot ics  Program is be ing  b u i l t  on t h e  
f o u n d a t i o n  c r e a t e d  by e a r l i e r  independen t  s t u d i e s  and p r o j e c t s .  
I t  is n e c e s s a r y  t o  c o n t i n u a l l y  a s s e s s  t h e  s t a t u s  of ongoing work 
and e s t a b l i s h  a  c l o s e  working bond between p a r t i c i p a n t s .  An 
o v e r a l l  awareness  of  t h e  t o t a l i t y  of a c t i v i t y  is main ta ined  
th rough  v i s i t s  t o  t h e  Naval L a b o r a t o r i e s  and C e n t e r s  where t h e  
r e s e a r c h  is b e i n g  managed, and t o  t h e  u n i v e r s i t i e s  and p r i v a t e  
s e c t o r  c o n t r a c t o r s  pe r fo rming  t h e  work. 

SEA 90G h a s  developed a  f o u r - p a r t  approach f o r  c o o r d i n a t i n g  and 
p r o v i d i n g  t e c h n i c a l  s u p p o r t  t o  r o b o t i c s  e f f o r t s  w i t h i n  NAVSEA: 

F i r s t -  The p a r t i c i p a n t s  d e f i n e ,  d e v e l o p ,  and s h a r e  a  r o b o t i c s  
t echno logy  b a s e l i n e  s o  r e s e a r c h  e f f o r t s  d o  n o t  a d d r e s s  t e c h n i c a l  
r e q u i r e m e n t s  a l r e a d y  b e i n g  r e s e a r c h e d  o r  comple ted .  

Second- A c o n c e r t e d  e f f o r t  is  made t o  d e v e l o p  w i t h i n  t h e  Command 
an  a p p r e c i a t i o n  of  t h e  v a l u e  of  f l e x i b l e  au tomat ion  and 
i n t e l l i g e n t  sys tems  t o  t h e  f u t u r e  Navy, and t o  p r o v i d e  a  
mechanism t o  f a c i l i t a t e  a p p l i c a t i o n  c o n c e p t u a l i z a t i o n .  

Third- A d i s c i p l i n e d  methodology is developed and implemented 
p r o g r e s s i v e l y  w i t h i n  t h e  Command f o r  ( a )  d e t e r m i n i n g  u s e r -  
o r i e n t e d  r e q u i r e m e n t s  t h r o u g h  a p p l i c a t i o n  s t u d i e s  and s u r v e y s ,  
( b )  matching t h o s e  r e q u i r e m e n t s  t o  t h e  c a p a b i l i t i e s  of a v a i l a b l e  
t echno logy ,  (c) d e v e l o p i n g  and t e s t i n g  p r o t o t y p e s  of pay-off  
promis ing  a p p l i c a t i o n s  when r e q u i r e m e n t s  and t echno logy  a r e  
a p p r o p r i a t e l y  matched, ( d l  fund ing /conduc t ing  advanced r e s e a r c h  
and development  e f f o r t s  where p r i v a t e  s e c t o r  i n i t i a t i v e s  a r e  n o t  
a d d r e s s i n g  i d e n t i f i e d  n e e d s ,  ( e l  c o n d u c t i n g  c r e d i b l e  c o s t  b e n e f i t  
a n a l y s e s  of  a l t e r n a t i v e  p r o t o t y p e  s o l u t i o n s  t o  approved 
a p p l i c a t i o n s ,  and ( f )  e s t a b l i s h i n g  c o n t r o l s  t o  minimize 
redundancy,  e n s u r e  c o m p a t i b i l i t y ,  and avo id  wrongly a s s i g n e d  o r  
p o o r l y  conce ived  a p p l i c a t i o n  p r o j e c t s .  

F o u r u -  The NAVSEA R o b o t i c s  Committee is e s t a b l i s h e d  w i t h  
r e p r e s e n t a t i o n  from NAVSEA f u n c t i o n a l  c o d e s  and Navy 
L a b o r a t o r i e s  and C e n t e r s ,  f u n c t i o n i n g  t o g e t h e r  under  t h e  
Chai rmanship  o f  SEA 90G. The Committee is an i n t e g r a t e d  body of 
e n g i n e e r i n g ,  s c i e n t i f i c  and management p r o f e s s i o n a l s  o rgan ized  
t o  i n t e r c h a n g e  knowledge of r o b o t i c  t echno logy  a s  a means f o r  
f o s t e r i n g  i t s  p r u d e n t  u s e  i n  Naval a p p l i c a t i o n s ,  and t o  a s s i s t  i n  
e x e c u t i o n  of  t h e  NAVSEA I n t e g r a t e d  Robot ics  Program. 



THE APPROACH 

@ THE NAVSEA INTEGRATED ROBOTICS PROGRAM I S  BASED ON A  

FOUNDATION OF INDEPENDENT STUDIES AND PROJECTS 

@ P A R T I C I P A N T S  DEFINE,  DEVELOP, AND SHARE THE ROBOTICS 

TECHNOLOGY B A S E L I N E  

@ DEVELOP AWARENESS OF ROBOTICS: 

- APPRECIATION OF VALUE TO FUTURE NAVY 

- RECOGNITION OF TECHNOLOGY D E F I C I E N C I E S  AND 

L I M I T A T I O N S  

- F A C I L I T A T E  APPROPRIATE A P P L I C A T I O N  

@ IMPLEMENT A  D I S C I P L I N E D  METHODOLOGY: 

- A P P L I C A T I O N  STUDIES TO DETERMINE USER ORIENTED 

REQUIREMENTS 

- MATCH REQUIREMENTS TO C A P A B I L I T I E S  OF A V A I L A B L E  

TECHNOLOGY 

- DEVELOP AND TEST PROTOTYPES 

- ADVANCED RESEARCH FOR UNIQUE NAVY NEEDS 

- COST B E N E F I T  A N A L Y S I S  OF ALTERNATIVES 

- CONTROLS TO M I N I M I Z E  REDUNDANCY AND ENSURE 

C O M P A T I B I L I T Y  

8 E S T A B L I S H  NAVSEA ROBOTICS COMMITTEE: 

- COMPOSED OF ENGINEERING, S C I E N T I F I C ,  AND MANAGEMENT 

PROFESSIONALS 

- FOSTER PRUDENT USE OF ROBOTIC TECHNOLOGY 

- A S S I S T S  I N  EXECUTION OF NAVSEA INTEGRATED ROBOTICS 

PROGRAM 



INTRODUCTION 

PROGRAM GOALS AND OBJECTIVES 

The NAVSEA I n t e g r a t e d  Robotics Program a c q u i r e s  i t s  b a s i c  
e from the  g o a l s  and subgoals  , its and 
from t h e  program o b j e c t i v e s ,  and i t s  measurable gmecifi- fP1 
~ f e u n m m  from i n d i v i d u a l  p r o j e c t  o b j e c t i v e s .  

The NAVSEA g o a l  i n  t h e s e  premises is miss ion o r i e n t e d  i n  t h e  
broad s e n s e ,  and r e l a t i v e l y  t i m e l e s s  i n  t h a t  i t  s t a t e s  a 
d i r e  f o r  a c t i o n  t o  be taken ,  wi thout  s e t t i n g  s p e c i f i c  l i m i t s  
on when t h e  d m -  must be  reached,  and wi thout  p r e s c r i b i n g  
t h e  y p u e  t o  t a k e  t o  ach ieve  t h e  g o a l .  

Although t h e  program o b j e c t i v e s  a r e  a l s o  broadly  worded, they  
s e r v e  t o  scope t h e  a c t i v i t y  a p p r o p r i a t e  f o r  t h e  program and t o  
set e x p e c t a t i o n s  f o r  r e s u l t s .  . Subgoals f a c i l i t a t e  program 
management by adding a  degree  of s p e c i f i c i t y  t o  t h e  
c l a s s i f i c a t i o n  of t h e  work. P r o j e c t s ,  i n  t u r n ,  a r e  organized 
under subgoals .  Each p r o j e c t  has i t s  own d i s c r e t e  o b j e c t i v e s  
seeking t o  c o n t r i b u t e  t o  t h e  l a r g e r  o b j e c t i v e  of t h e  a p p r o p r i a t e  
subgoal .  P r o j e c t  o b j e c t i v e s  must be c l e a r l y  drawn t o  produce 
measurable r e s u l t s .  When a l l  p r o j e c t s  under any subgoal  have 
been completed,  t h e  o b j e c t i v e s  of t h e  subgoal  w i l l  have been 
achieved.  S i m i l a r l y ,  when a l l  subgoa ls  have been completed,  t h e  
program g o a l  w i l l  have been reached.  I t  is p o s s i b l e ,  however, 
t h a t  program developments,  unforeseen a t  t h e  o u t s e t ,  may d i c t a t e  
t h e  articulation/establishment of a d d i t i o n a l  subgoa ls ,  each w i t h  
i ts own p r o j e c t s .  

By pursuing t h e  program g o a l  and o b j e c t i v e s ,  NAVSEA expec t s  t o  
improve p r o d u c t i v i t y  and q u a l i t y ,  reduce c o s t s ,  i n c r e a s e  
e f f i c i e n c y  and improve t h e  q u a l i t y  of l i f e  aboard s h i p s  and 
throughout  t h e  Navy community. The  exp los ion  i n  new technology 
coupled wi th  t h e  problems of a s s i m i l a t i n g  and implementing 
a v a i l a b l e  technology underscore  t h e  need f o r  a  focused 
s t r u c t u r e d  approach t o  e s t a b l i s h i n g  and achieving t h e s e  g o a l s  
and o b j e c t i v e s .  Appropr ia te  a p p l i c a t i o n s  of a v a i l a b l e  r o b o t i c  
technology and t imely  development of c a p a b i l i t i e s  t o  f i l l  
i d e n t i f i e d  needs  o f f e r  g r e a t  p o t e n t i a l  f o r  enhancing and 
p r o t e c t i n g  t h e  q u a l i t y  and performance of s h i p s  and t h e i r  
a s s o c i a t e d  weapons s y s  terns. 



PROGRAM GOALS AND OBJECTIVES 

PROGRAM GOAL 

To ensure that  the Navy o f  the next century uses the robotics technology that  
w i l l  be available t o  improve the qual i ty  and performance o f  Navy ships and 
weapons systems; reduce acquisition, repair, and overhaul costs; and improve 
readiness and endurance, while freeing human assets f o r  higher order 
functions 

PROGRAM. OBJECTIVES 

To ensure the orderly and timely introduction of robotics in to  

Shipbuilding and weapons manufacturing 
Repair and maintenance 
Operations 

To reduce costs, increase effectiveness, and enhance safety and health 

SUBGOAL A 
COMMAND READINESS 

To attain, maintain, 
and share a current 
Navy/NAVSEA in-house 
know1 edge and appre- 
c ia t ion  o f  state-of- 
the-art robot ic 
technology and t o  
develop expertise i n  
i t s  use and management 

PROJECT A-1 -a 

SUBGOAL B 
APPLICATION STUDIES 

To establish a compre- 
hensive inventory of 
Navy needs f o r  robot ic 
applications and t o  
establ i sh and maintain 
a current f e a s i b i l i t y  
and cost benefit re1 a- 
ti onship between Navy 
needs and emer ing  
robot ic techno 9 ogy 
projected over the time 
frame of the needs 

PROJECT B-1 I F !  

SUBGOAL C 
TECHN013GY DEVELOPMENT 

To select, develop, 
test, and implement 
robot ic applications 
on a continuing annual 
operating plan basis 
representing best- 
judgment decisions 
re f lec t ing  an integra- 
t i on  o f  needs, costs, 
and technological r i s k  
assessment 

PROJECT C-1  
I 



INTRODUCTION 

ACCOMPLISHMENT HIGHLIGHTS 

B u i l d i n g  on t h e  o r g a n i z a t i o n a l  and programmatic  s t r u c t u r e  
e s t a b l i s h e d  d u r i n g  FY 84, t h e  NAVSEA I n t e g r a t e d  Robot ics  Program 
h a s  made s i g n i f i c a n t  s t r i d e s  i n  t h i s  past  y e a r .  The scope  and 
number of ongoing NAVSEA p r o j e c t s  i d e n t i f i e d  d u r i n g  FY 85 h a s  
shown n o t i c e a b l e  expans ion  i n  t h e  a r e a s  of s h i p b u i l d i n g  and 
weapons manufac tu r ing ,  r e p a i r ,  and o p e r a t i o n s .  A c o n t i n u i n g  
d i a l o g u e  has  been e s t a b l i s h e d  w i t h  s p o n s o r s  and p r o j e c t  l e a d e r s  
i n  an  e f f o r t  t o  e l e v a t e  awareness  of t h e  p o t e n t i a l  of  i n t e l l i g e n t  
sys tem a p p l i c a t i o n s  i n  t h e  Navy. FY 85 was c h a r a c t e r i z e d  by 
numerous t e c h n i c a l  a s s e s s m e n t s  of  ongoing NAVSEA p r o j e c t s ,  an  
o r c h e s t r a t e d  program t o  r a i s e  t h e  l e v e l  of Command awareness ,  and 
f u r t h e r  development  of mechanisms f o r  t e c h n i c a l  review and 
t echno logy  t r a n s f e r .  Recognizing t h e  growing r e s p o n s i b i l i t i e s  and 
i n c r e a s e d  involvement  of  t h e  Robot ics  Program, COMNAVSEA 
a u t h o r i z e d  t h e  e s t a b l i s h m e n t  of a n  a d d i t i o n a l  s u p p o r t  b i l l e t  
(SEA 90G1) a t  t h e  GM-13 l e v e l .  

During FY 85, over  65  ongoing NAVSEA p r o j e c t s  were i d e n t i f i e d ,  
p r i m a r i l y  i n  t h e  f u n c t i o n a l  a r e a s  of we ld ing ,  m e t a l  working,  
p r o p e l l e r  manufac tu r ing ,  s u r f a c e  p r e p a r a t i o n ,  m a t e r i a l s  h a n d l i n g ,  
e x p l o s i v e  ordnance  d i s p o s a l ,  underwater  sys tems ,  f i r e f  i g h t i n g  and 
s e c u r i t y  . S e c t i o n  I1 of  t h i s  r e p o r t  c o n t a i n s  d e s c r i p t i v e  
summaries of  t h e s e  p r o j e c t s .  P o s i t i v e  a c t i o n s  have been t a k e n  t o  
s t r e n g t h e n ,  modify,  o r  redirect e f f o r t s  as a r e s u l t  of p r o j e c t  
r ev iews ,  t echno logy  d e m o n s t r a t i o n s ,  and t echno logy  t r a n s f e r .  

S e l e c t e d  examples of  major  p r o j e c t  work d u r i n g  FY 85 i n c l u d e  t h e  
I n t e g r a t e d  Computer-Aided Manufactur ing  of P r o p e l l e r s  (ICAMP) 
p r o j e c t ,  t h e  I n t e g r a t e d  F l e x i b l e  Welding System (IFWS) , t h e  L a s e r  
A r t i c u l a t e d  Robot ic  System (LARS) , t h e  I n t e l l i g e n t  Robo t ics  
I n s p e c t i o n  System ( IRIS)  , and e f f o r t s  i n  e x p l o s i v e  o rdnance  
d i s p o s a l  and underwater  a p p l i c a t i o n s .  

I n  a d d i t i o n  t o  communicating and a d v o c a t i n g  i ts approach  t o  an  
i n t e g r a t e d  e f f o r t  w i t h i n  NAVSEA, SEA 90G b r i e f e d ,  on r e q u e s t ,  a 
number of e x t e r n a l  a c t i v i t i e s  on t h e  s c o p e ,  c o n t e n t ,  s t a t u s  and 
d i r e c t i o n  of  t h e  NAVSEA I n t e g r a t e d  R o b o t i c s  Program, i n c l u d i n g :  

Naval S t u d i e s  Board o f  t h e  N a t i o n a l  Academy o f  S c i e n c e s  - 
NAVSEA p r o j e c t  managers gave  a  comprehensive  b r i e f i n g  t o  
t h e  Robot ics  E x p l o r a t o r y  g roup ,  under  t h e  a u s p i c e s  of SEA 
90G. 

O f f  ice o f  Research ,  Development, T e s t  and E v a l u a t i o n  (OP 
098) - SEA 90G p r e s e n t e d  a  f u l l - s c a l e  t e c h n i c a l  and 
programmatic  b r i e f i n g ,  emphasiz ing  p r o j e c t e d  a r e a s  of  
concern .  

O f f i c e  of Naval Research  - B r i e f i n g  t o  ONR s t a f f  f o r  
p u r p o s e s  of  e x p l a i n i n g  and o f f e r i n g  RAID a s  a mechanism f o r  
t r a c k i n g  r e s e a r c h  and development  p r o j e c t s  i n  r o b o t i c s  and 
a r  t i £  i c i a l  i n t e l l i g e n c e  th roughou t  DoD. 
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@ S I G N I F I C A N T  EXPANSION OF EFFORTS I N  FY 85: 

- OVER 65 I D E N T I F I E D  NAVSEA DEVELOPMENT EFFORTS 

- CONTINUING DIALOGUE WITH SPONSORS AND PROJECT LEADERS 

- TECHNICAL  REVIEWS OF ONGOING NAVSEA EFFORTS 

- INCREASED THE AWARENESS OF TECHNOLOGICAL NEEDS 

- PURSUED I D E N T I F I C A T I O N  OF: 
-- PRACTICAL  A P P L I C A T I O N S  

-- TECHNOLOGY D E F I C I E N C I E S  

- DEVELOPMENT OF MECHANISMS FOR TECHNICAL  REVIEW AND 

TECHNOLOGY TRANSFER 

@ FUNCTIONAL AREAS OF EMPHASIS I N  FY 85: 

- WELDING 

- METAL WORKING 

- PROPELLER MANUFACTURING 

- SURFACE PREPARATION 

- M A T E R I A L S  HANDLING 

- E X P L O S I V E  ORDNANCE DISPOSAL 

- UNDERWATER SYSTEMS 

- F I R E F I G H T I N G  

- SECURITY 



INTRODUCTION 

ACCOMPLISHMENT HIGHLIGHTS (Cont inued)  

Of f  ice of  Naval ~ e s e a r c h / O f f  ice of  Naval Technology - A 
s e l e c t e d  p r o j e c t  b r i e f i n g  t o  i d e n t i f y  t echno logy  v o i d s  and 
a r e a s  of needed r e s e a r c h ,  and p r e s e n t  a  s t r a t e g y  f o r  
a c q u i r i n g  t h e  n e c e s s a r y  t echno logy  b a s e  t o  proceed w i t h  
advanced and e n g i n e e r i n g  development  of  r o b o t i c  
a p p l i c a t i o n s .  

The expanded a c t i v i t y  g e n e r a t e d  by t h e  growing number of  NAVSEA 
p r o j e c t s  demanded an  i n c r e a s e  i n  t h e  need t o  c o n d u c t  t e c h n i c a l  
a s s e s s m e n t s .  A v a l u a b l e  s o u r c e  of  t e c h n i c a l  s u p p o r t  was t h e  
Robot ics  Committee and i ts  a s s o c i a t e d  working g roups .  S p e c i f i c  
p r o j e c t  r ev iews  were conducted  f o r  t h e  Robot A s s i s t e d  S u r f a c e  
P r e p a r a t i o n  and P a i n t  (RASPP), Lase r  A r t i c u l a t e d  Robot ics  System 
(LARS) , Three-Dimensional Weld Seam Tracking System (3~-WSTS) , 
Robot ic  Adapt ive  Welding System (RAWS) , Composite H u l l  Advanced 
Manufactur ing  P r o c e s s  (CHAMP) ,' Robot ic  S t r u c t u r a l  Shapes 
P r o c e s s i n g  System, Deep Submergence V e h i c l e  Manipu la to r  A r m ,  and 
t h e  DNA Robot ics  f o r  P h y s i c a l  S e c u r i t y  Program. 

Robot ics  Committee - Based on i ts o u t s t a n d i n g  performance  a s  
an  i n f o r m a l ,  v o l u n t e e r  g roup ,  COMNAVSEA a u t h o r i z e d  t h e  
f o r m a l i z a t i o n  of  t h i s  body and d i r e c t e d  a  c h a r t e r  be 
p repared  t o  govern  i ts  a c t i v i t i e s .  

For  c o n d u c t i n g  t h e  d e t a i l e d  work of  t h e  Robot ics  Committee, 
t h r e e  Working Groups (WG) were f u n c t i o n a l  i n  F Y  85: 

- Welding E: To r e s e a r c h  and recommend 
welding a p p l i c a t i o n s  a p p r o p r i a t e  f o r  RAWS and LARS 
implementa t ion .  

- PASPg mb &: To conduc t  a  comprehens ive  examina t ion  
of t h e  RASPP Phase  I f e a s i b i l i t y  r e p o r t .  

- & m W A :  To d e v e l o p  t h e c h a r t e r  f o r  
f o r m a l i z a t i o n  of t h e  Robot ics  Committee. 

I n  t h i s  y e a r  of  t r a n s i t i o n ,  emphasis  has  been on d e v e l o p i n g  broad 
s u p p o r t  f o r  t h e  program. The impor tance  of Command awareness ,  
t echno logy  assessment  and p r o j e c t  review,  i d e n t i f i c a t i o n  of  
r o b o t i c s  technology a p p l i c a t i o n s  and d e f i c i e n c i e s ,  t h e  
o r g a n i z a t i o n  and accumula t ion  of a n  e f f e c t i v e  d a t a b a s e ,  and 
enhancement of technology t r a n s f e r  have a l l  been key e f f o r t s  i n  
t h e  expanding program. 
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0 SELECTED EXAMPLES OF MAJOR PROJECT WORK AND PROJECT 

REVIEWS: 

ROBOT A S S I S T E D  SURFACE PREPARATION AND P A I N T  (RASPP) 

INTEGRATED F L E X I B L E  WELDING SYSTEM ( I F W S )  

LASER ARTICULATED ROBOTIC SYSTEM (LARS)  

I N T E L L I G E N T  ROBOTIC I N S P E C T I O N  SYSTEM ( I R I S )  

3 - 0  WELD SEAM TRACKING SYSTEM (30-WSTS)  

ROBOTIC ADAPTIVE WELDING SYSTEM (RAWS)  

COMPOSITE HULL  ADVANCED MANUFACTURING PROCESS (CHAMP) 

ROBOTIC STRUCTURAL SHAPES PROCESSING SYSTEM 

EXPLOSIVE ORDNANCE DISPOSAL ( € O D )  

DEEP SUBMERGENCE V E H I C L E  MANIPULATOR ARM 

DNA ROBOTICS FOR P H Y S I C A L  SECURITY PROGRAM 

8 B R I E F I N G S :  

- NAVAL S T U D I E S  BOARD OF THE NATIONAL ACADEMY OF 

SCIENCES 

- O F F I C E  OF RESEARCH, DEVELOPMENT, TEST AND EVALUATION 

- O F F I C E  OF NAVAL RESEARCH 

- O F F I C E  OF NAVAL TECHNOLOGY 

@ INCREASED NAVSEA ROBOTICS COMMITTEE A C T I V I T Y :  

- NUMEROUS TECHNOLOGY ASSESSMENTS 

- VALUABLE ENGINEERING AND S C I E N T I F I C  SUPPORT 

- A C T I V E  WORKING GROUPS 
-- WELDING A P P L I C A T I O N S  WORKING GROUP 

-- RASPP WORKING GROUP 

-- CHARTER PREPARATION WORKING GROUP 

- F O R M A L I Z A T I O N  OF COMMITTEE CHARTER 
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SECTION I I - PROJECT REVIEW 

THIS SECTION PRESENTS BRIEF DESCRIPTIONS OF THE PROJECTS THAT 
RAKE UP THE NAVSEA INTEGRATED ROBOTICS PROGRAM. THE SUMMARIES 
ARE BASED ON TECHNICAL REVIEWS CONDUCTED BY THE ROBOTICS COM- 
MITTEE AS WELL AS REPORTS SUBMITTED BY AND DISCUSSIONS WITH THE 
PROJECT WAGERS . A MATRIX INDEX OF THESE PROJECTS AND 
PERFORMING ACTIVITIES I S  INCLUDED AT THE END OF THIS VOLUME, 

THE PROJECTS ARE PRESENTED UNDER THREE GENERAL AREAS: 

@ SHIPBUILDING AND WEAPONS MANUFACTURING 
0 REPAIR AND MAINTENANCE 
@ OPERATIONS 

THE PROJECTS SUMMARIZED I N  THIS SECTION REPRESENT CONTINUED PROG- 
RESS TOWARD THE GOAL OF ENSURING THE TIMELY AND ORDERLY INTRODUC- 
TION OF ROBOTICS INTO THE NAVY. 



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

NAVSEA MANUFACTURING TECHNOLOGY PROGRAM 

The Navy Manufactur ing  Technology (MT) Program, d i r e c t e d  by Jack  
McInnis  (ONAS 0641, is a p r i n c i p a l  e n a b l i n g  r e s o u r c e  d r i v i n g  t h e  
development  and implementa t ion  of  f l e x i b l e  au tomat ion  w i t h i n  b o t h  
n a v a l  and p r i v a t e  s h i p y a r d s .  The MT Program is, i n  g e n e r a l ,  a  
mechanism t o  p r o v i d e  f o r  t h e  i n f u s i o n  of h igh  t echno logy  i n t o  
n a v a l  s h i p y a r d s  and t h e  p r o d u c t i o n  f a c i l i t i e s  of Navy 
c o n t r a c t o r s .  B y  s o  d o i n g ,  t h e  program r e a l i z e s  improvements i n  
c o s t ,  q u a l i t y ,  and s c h e d u l e  on Navy sys tem a c q u i s i t i o n s  and 
o v e r h a u l s .  Among o t h e r  t h i n g s ,  t h e  program h a s  been l a r g e l y  
r e s p o n s i b l e  f o r  development  o f  s e n s o r  and p r o c e s s i n g  c a p a b i l i t i e s  
needed f o r  t h e  a d a p t a t i o n  o f  commerc ia l ly  a v a i l a b l e  welding 
r o b o t s  t o  Navy needs .  

A w e l l  managed program c a n  r e s u l t  i n  a  r e d u c t i o n  i n  l i f e  c y c l e  
c o s t s ,  a n  a c c e l e r a t i o n  from R&D t o  implementa t ion ,  t h e  
e s t a b l i s h m e n t  o f  improved p r o c e s s e s ,  methods, t e c h n i q u e s  and 
equipments ,  and maximum t r a n s f e r  of  t echno logy .  Wi th in  NAVSEA, 
MT p r o j e c t s  a r e  managed by t h r e e  s e p a r a t e  o f f i c e s :  SEA 05R43 
manages s h i p b u i l d i n g  and s y s t e m s - r e l a t e d  p r o j e c t s ;  SEA 06L1 
manages p r o j e c t s  r e l a t e d  t o  weapons manufac tu r ing ;  and t h e  
r e p a i r  and maintenance  f u n c t i o n s  of  n a v a l  s h i p y a r d s  and r e l a t e d  
i n d u s t r i a l  f a c i l i t i e s  a r e  managed by SEA 070A. SEA 90G, w i t h  
s u p p o r t  from t h e  Robot ics  Committee, p r o v i d e s  t e c h n i c a l  review 
and program i n t e g r a t i o n  f u n c t i o n s  f o r  r o b o t i c s - r e l a t e d  e f f o r t s .  

The a p p l i c a t i o n  of s t a t e - o f - t h e - a r t  t e c h n o l o g i e s  is v i t a l  t o  t h e  
o b j e c t i v e  of  enhancing f l ee t  r e a d i n e s s  t h r o u g h  i n c r e a s e d  
p r o d u c t i v i t y  and reduced l i f e  c y c l e  c o s t s .  MT e f f o r t s  must b e  
i d e n t i f i e d  w i t h  a  w e l l - d e f i n e d  Navy a p p l i c a t i o n ,  d e m o n s t r a t e  
t e c h n i c a l  f e a s i b i l i t y ,  and l e a d  t o  t i m e l y  implementa t ion .  

Much of  t h e  MT e f f o r t  h a s  focused on r o b o t i c  we ld ing ,  because  
a p p l i c a t i o n s  s t u d i e s  i n d i c a t e  t h i s  t o  be a p r o d u c t i v e  a r e a  f o r  
s h o r t - t e r m  i n v e s t m e n t .  The s t u d i e s  and s u b s e q u e n t  a n a l y s i s  by 
NAVSEA i n d i c a t e d  t h e  g r e a t e s t  b a r r i e r  t o  c o s t - e f f e c t i v e  u s e  by 
t h e  Navy is t h e  i n a b i l i t y  t o  a d a p t  commerc ia l ly  a v a i l a b l e  r o b o t i c  
welding sys tems  . t o  v a r i a t i o n s  o r  changes  i n  j o i n t  geometry  
b r o u g h t  on by t h e r m a l  e x p a n s i o n ,  poor  i n i t i a l  f i t - u p ,  o r  o t h e r  
v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  welding p r o c e s s .  T h i s  s i t u a t i o n  is 
compounded by t h e  s m a l l  l o t  s i z e s  encoun te red  i n  a  t y p i c a l  Navy 
envi ronment .  A s y s t e m a t i c  review of  a l l  ongoing weld i n g - r e l a t e d  
p r o j e c t s  sponsored  by NAVSEA i d e n t i f i e d  s e v e r a l  e f f o r t s  t h a t  
addressed  a r e a s  a s s o c i a t e d  w i t h  g a s  m e t a l  a r c  and l a s e r  welding.  



NAVSEA MANUFACTURING TECHNOLOGY PROGRAM STRUCTURE 
FOR ROBOTICS 

8 PROGRAM O B J E C T I V E S :  

MANUFACTURING 
TECHNOLOGY 

PROGRAM 
ONAS 0 6 4  

- REDUCE A Q U I S I T I O N  AND L I F E  CYCLE COSTS - INCREASE P R O D U C T I V I T Y  - M A X I M I Z E  TECHNOLOGY TRANSFER - STRENGTHEN THE I N D U S T R I A L  BASE 
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- E S T A B L I S H  A UNIQUE NAVY NEED - D E F I N E  THE A P P L I C A T I O N  - DEMONSTRATE TECHNICAL  F E A S I B I L I T Y  - ENSURE T I M E L Y  IMPLEMENTATION 

8 ROBOTIC WELDING I S  A PRODUCTIVE AREA FOR SHORT-TERM 
INVESTMENT 

0 SENSOR DEVELOPMENT AND PROCESSING C A P A B I L I T I E S  ARE NEEDED 
TO ADAPT COMMERCIAL ROBOTS TO NAVY NEEDS 
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PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

Overview 

The complex i ty  of Naval s h i p  s y s t e m s ,  t h e  mass ive  s i z e  of  s h i p  
components ,  and t h e  low volumes and u n s t r u c t u r e d  env i ronments  
encoun te red  p r e s e n t  un ique  o b s t a c l e s  t o  t h e  a p p l i c a t i o n  of 
r o b o t i c  t echno logy  t o  s h i p b u i l d i n g  and r e p a i r  s c e n a r i o s .  
Accord ing ly ,  t h e  I n t e g r a t e d  F l e x i b l e  Welding System (IFWS) seeks 
t o  d e v e l o p  an  a d a p t i v e  Gas Meta l  Arc Welding (GMAW) r o b o t i c  
i n s t a l l a t i o n  f o r  o p e r a t i o n  i n  a  s h i p y a r d  env i ronment ,  c a p a b l e  of 
making h i g h - q u a l i t y ,  c o s t - e f f e c t i v e  welds  f o r  s i n g l e  and s m a l l  
b a t c h  workp ieces .  The IFWS p h i l o s o p h y  f e a t u r e s  a modular 
development  approach  ( t o  a l l o w  t h e  p u r s u i t  of quas i - independen t  
e f f o r t s ) ,  w i t h  emphasis  on t h e  g e n e r i c  n a t u r e  and c h a r a c t e r i s t i c s  
of t h e  modules.  T h i s  e v o l u t i o n a r y  approach  a l l o w s  f o r  nea r - t e rm 
payof f  g e n e r a t e d  by t h e  implementa t ion  of i n d i v i d u a l  modules,  
w h i c h  e f f e c t i v e l y  r e d u c e s  t h e  c o s t  of  t h e  o v e r a l l  sys tem.  
I n d i v i d u a l  modules c a n  b e  r e p l a c e d  o r  upgraded a s  a  t echno logy  
e v o l v e s  o r  as  an  approach f a i l s ,  t h e r e b y  p r e v e n t i n g  sys tem 
o b s o l e s c e n c e .  

The IFWS c o n c e p t u a l  d e s i g n  e n v i s i o n s  an a d a p t i v e  GMAW r o b o t ,  
coup led  w i t h  modular s e n s o r s  f o r  seam t r a c k i n g ,  c o l l i s i o n  
avo idance ,  workpiece  o r i e n t a t i o n ,  and r e a l - t i m e  p r o c e s s  c o n t r o l .  
These  w i l l  be i n t e g r a t e d  th rough  a  knowledge-based, d i s t r i b u t e d  
c o n t r o l  h i e r a r c h y  t h a t  w i l l  i n t e r p r e t  computer -a ided-des ign  (CAD) 
i n p u t ,  p l a n  t h e  weld,  p r o v i d e  o f f - l i n e  programming f o r  r o b o t  
movement, s p e c i f y  c o n t r o l  p a r a m e t e r s ,  and i n t e r p r e t  and p r o v i d e  
c o r r e c t i o n s  based on r e a l - t i m e  s e n s o r  f eedback .  

Because of reduced fund ing  a l l o c a t i o n s  f o r  FY 86,  t h e  IFWS sys tem 
development s c h e d u l e  h a s  been r e v i s e d ,  r e s u l t i n g  i n  t h e  
s u s p e n s i o n  of a  few componentry p r o j e c t s  such  a s  t h e  G l o b a l  
V i s i o n  Sys tern. The p r o j e c t s  w i t h  s u f f i c i e n t  funding a r e  
c o n t i n u i n g  on a  modi f i ed  s c h e d u l e  s t r u c t u r e d  around t h e  
t echno logy  v o i d s  l e f t  by t h e  suspended e f f o r t s .  I t  is e s s e n t i a l  
t o  t h e  i n t e g r i t y  of  t h e  IFWS c o n c e p t  t h a t  t h o s e  p r o j e c t s  
c u r r e n t l y  w i t h o u t  money remain w i t h i n  t h e  o v e r a l l  p r o j e c t  
enve lope  -- even as development  is  d e f e r r e d  -- w h i l e  a d d i t i o n a l  
funds  a r e  a c t i v e l y  pursued .  These a c t i o n s  a r e  d e s i g n e d  t o  
m a i n t a i n  t h e  s t r u c t u r e  and o b j e c t i v e s  of  t h e  IFWS p h i l o s o p h y ,  t o  
e n s u r e  ongoing development  e f f o r t s  g e n e r a t e  a p p l i c a b l e  s h o r t - t e r m  
r e s u l t s ,  and t o  p rove  enough f l e x i b i l i t y  r e s i d e s  w i t h i n  t h e  
approved approach t o  ad j u s t  t o  fund ing  f l u c t u a t i o n s .  



INTEGRATED F L E X I B L E  WELDING SYSTEM OVERVIEW 

@ PROBLEM: A P P L I C A T I O N  OF ROBOTICS TECHNOLOGY TO NAVAL S H I P -  

B U I L D I N G  AND REPAIR HINDERED BY COMPLEX, UNSTRUCTURED S H I P -  

YARD ENVIRONMENT 

0 OBJECTIVE:  TO DEVELOP AN ADAPTIVE WELDING WORKCELL FOR HIGH-  

QUALITY,  COST-EFFECTIVE WELDS ON SMALL BATCH WORKPIECES 

@ APPROACH: TO DEVELOP A MODULAR DESIGN P E R M I T T I N G  DECENTRAL- 

I Z E D  DEVELOPMENT OF WORKCELL COMPONENTS AND CENTRALIZED COM- 

PONENT INTEGRATION, RESULTING I N  AN EVOLUTIONARY APPROACH 

WHICH GENERATES NEAR-TERM PAYOFFS AND LOWER COSTS, WHILE 

PREVENTING SYSTEM OBSOLESCENCE 

0 COMPONENT EFFORTS: 

- ROBOTIC ADAPTIVE WELDING SYSTEM (SEA 0 7 0 A )  

- 3-0 WELD SEAM TRACKING SYSTEM (SEA 0 7 0 A )  

- GLOBAL V I S I O N  SYSTEM (NSWC) 

- I N T E L L I G E N T  COMMUNICATION INTERFACES (NOSC) 

- OVERALL ARCHITECTURE (NOSC) 

0 STATUS: REDUCED FUNDING HAS REQUIRED THE RESTRUCTURING OF 

I N D I V I D U A L  PROJECTS: 

- DEVELOPMENT SCHEDULE REVISED WITH CERTAIN PROJECTS 

DEFERRED 

- SHORT TERM EFFORTS CONSISTENT WITH IFWS CONCEPT AND LONG 

RANGE OBJECTIVE 



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

System A r c h i t e c t u r e  

I n  o r d e r  t o  a c h i e v e  e f f e c t i v e  implementa t ion  of  t h e  IFWS c o n c e p t ,  
t h e  c o n t r o l  sys tem must overcome i n t e g r a t i o n  problems i n h e r e n t  
i n  a  multi-component automated w o r k c e l l .  Accord ing ly  , a  
s i g n i f i c a n t  e f f o r t  has  been under taken  t o  d e v e l o p  a  power fu l  
c o n t r o l  s t r u c t u r e  common t o  a l l  components.  The r e s u l t i n g  IFWS 
A r c h i t e c t u r e  (developed by NOSC) , shown on t h e  . f a c i n g  page ,  
i l l u s t r a t e s  t h e  modular development  approach b e i n g  t a k e n  by 
NAVSEA . 
The  b a s i c  computing s t r u c t u r e  o f  t h e  IFWS a r c h i t e c t u r e  s e p a r a t e s  
t h e  computa t iona l ly - s low p l a n n i n g  p r o c e s s e s  from t h e  r e a l - t i m e  
s e n s o r  and c o n t r o l  o p e r a t i o n s ,  i.e., t h e  p l a n n i n g  of  work 
f u n c t i o n s  t a k e s  p l a c e  o f f - l i n e ,  w h i l e  t h e  a c t i v a t i o n  of these 
f u n c t i o n s  o c c u r s  o n - l i n e ,  w i t h  t h e  knowledge-based components 
m a i n t a i n i n g  o n l y  a  s u p e r v i s o r y  r o l e .  T h i s  p a r t i t i o n i n g  between 
p l a n n i n g  and f u n c t i o n a l  a s p e c t s  of  t h e  sys tem is made p o s s i b l e  
b e c a u s e  much is known f o r  c e r t a i n  a b o u t  t h e  envi ronment  and t a s k .  
T h e r e f o r e ,  any d e v i a t i o n s  from t h e  p lanned sequence  of  e v e n t s  
shou ld  b e  l i m i t e d  and e a s i l y  c o r r e c t a b l e  by s u p e r v i s o r y  
p r o c e s s e s .  

The upper l e v e l  of  t h e  h i e r a r c h i c a l  a r c h i t e c t u r e  c o n s i s t s  of  
knowledge-based p l a n n i n g  and c o n t r o l  components w h i c h  i n c l u d e  a  
d e s i g n  i n t e r f a c e ,  a  weld p l a n n e r ,  a p a t h  p l a n n e r ,  and an 
e x e c u t i o n  c o o r d i n a t o r .  The lower  l e v e l  c o n s i s t s  of t h e  s p e c i f i c  
s e n s o r ,  c o n t r o l ,  and hardware subsys tems which i n t e r a c t  w i t h  t h e  
w o r k c e l l  envi ronment .  Linking these two l e v e l s  t o g e t h e r  is a  
series of  I n t e l l i g e n t  Communication I n t e r f a c e s  ( I C I )  , w i t h  one 
i n t e r f  a c e  c o r r e s p o n d i n g  t o  each  low- leve l  subsys tem.  The I C I  is  
a g e n e r i c  i n t e r f a c e  p r o t o c o l  developed by NOSC. Communications 
between a l l  components a r e  c a r r i e d  by an  E t h e r n e t  l o c a l  a r e a  
network (LAN) . 
The d e s i g n  i n t e r f a c e  component of t h e  knowledge-based subsys tem 
is a  computer -a ided-des ign  w o r k s t a t i o n  th rough  w h i c h  t h e  u s e r  
w i l l  have a c c e s s  t o  t h e  e n t i r e  IFWS o p e r a t i o n .  A s  t h e  major  
i n p u t / o u t p u t  d e v i c e  and "windoww i n t o  t h e  sys tem,  t h e  w o r k s t a t i o n  
p r o v i d e s  s p e c i f i c  s e r v i c e s  t o  t h e  d e s i g n  e n g i n e e r ,  t h e  shop  f l o o r  
manager,  and t h e  s y s t e m s  programmer. U t i l i z i n g  t h e  CAD 
d a t a b a s e s ,  g e o m e t r i c  mode le r s ,  and a p p l i c a t  i o n - s p e c i f  i c  e x p e r t  
sys tems  p r o v i d e d ,  t h e  d e s i g n  o r  weld e n g i n e e r  is a b l e  t o  
c o n s t r u c t  a  s o l i d  model of  t h e  d e s i r e d  p a r t  and r e p r e s e n t  t h e  
s p e c i f i c s  of t h e  weld p r o c e s s  n e c e s s a r y  f o r  t h e  workpiece  model. 
Once comple ted ,  t h e  model and i ts  a s s o c i a t e d  weld p r o c e s s  are 
d i s t r i b u t e d  f o r  u s e  d u r i n g  t h e  p l a n n i n g  phase .  Fur the rmore ,  shop  
f l o o r  p e r s o n n e l  a r e  a b l e  t o  m o n i t o r ,  s e t - u p ,  and m a i n t a i n  t h e  
sys tem th rough  t h e  d e s i g n  i n t e r f a c e .  The i n t e r f a c e  p r o v i d e s  
s y s  tem programmers a c c e s s  t o  t h e  i n t e r n a l  d a t a  p r o c e s s i n g  
f u n c t i o n s  f o r  sys tem debugging and m o d i f i c a t i o n .  
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,------------------------------------ - ---------- 1 

I NOSC: INTELLIGENT INTERFACES FOR INDUSTRIAL AUTOMATION I I 

THE I F W S  ARCHITECTURE, DEVELOPED AT  THE NAVAL OCEAN SYSTEMS 

CENTER (NOSC), PRESENTS A MODULAR APPROACH TO THE SYSTEMS 

I N T E G R A T I O N  PROBLEMS INHERENT I N  MULTI-COMPONENT, AUTOMATED 

CSORKCELLS, THE I N T E L L I G E N T  COMMUNICATION INTERFACES ( I C I )  

L I N K  THE LOWER L E V E L  R E A L - T I M E  SENSOR AND HARDWARE CONTROL 

PROCESSES TO THE UPPER L E V E L  KNOWLEDGE-BASED PLANNING AND 

SUPERVISORY PROCESSES. THE COMPUTING STRUCTURE I S  P A R T I -  

T I O N E D  TO I S O L A T E  THE COMPUTATIONALLY SLOW PLANNING FUNCTIONS 

FROM THE REAL-T IME CONTROL FUNCTIONS. 
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PROJECT REVIEW: S H I P B U I L D I N G  AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

System A r c h i t e c t u r e  (Cont inued)  

The weld p l a n n e r  subsys tem is an e x p e r t  sys tem which c o n s t r u c t s  a  
welding s t r a t e g y  from t h e  workpiece  d e s i g n  and an  a s s o c i a t e d  body 
of  welding knowledge. T h i s  body of  knowledge e x i s t s  a s  a  se t  of 
welding r u l e s  w h i c h  were developed from i n f o r m a t i o n  c o l l e c t e d  
d u r i n g  c o n s u l t a t i o n  w i t h  s e v e r a l  welding e x p e r t s .  The s t r a t e g y  
i n c l u d e s  an  o r d e r e d  set  of  weld sequence  i n f o r m a t i o n  a s  w e l l  a s  
i n i t i a l  s e t t i n g s  o f  a s s o c i a t e d  p r o c e s s  c o n t r o l  p a r a m e t e r s .  The 
weld p r o c e s s  and g e o m e t r i c  i n £  ormat i o n  g e n e r a t e d  by t h e  weld 
p l a n n e r  a r e  o u t p u t  t o  t h e  e x e c u t i o n  c o o r d i n a t o r  and p a t h  p l a n n e r ,  
r e s p e c t i v e l y .  T e s t s  of  t h e  weld p l a n n e r  s t r u c t u r e  have been 
s u c c e s s f u l  and expans ion  o f  t h e  set  of  p o s s i b l e  c o n f i g u r a t i o n s  is 
c u r r e n t l y  underway. 

The p a t h  p l a n n e r  examines t h e  weld s t r a t e g y  i n f o r m a t i o n  t o  
d e t e r m i n e  which of  t h e  o p t i o n s  t h e  w o r k c e l l  r o b o t  c a n  e x e c u t e  
w i t h o u t  c o l l i s i o n s .  T h e  p a t h  p l a n n e r  o b t a i n s  t h e  p o s i t i o n  and 
o r i e n t a t i o n  of t h e  workpiece  i n  t h e  w o r k c e l l  enve lope  from t h e  
g l o b a l  v i s i o n  s e n s o r .  I f  p o s s i b l e ,  a  comple te  movement p l a n  is 
c o n s t r u c t e d  and s e n t  t o  t h e  e x e c u t i o n  c o o r d i n a t o r .  T h i s  p l a n  is 
de te rmined  by examining t h e  w o r k c e l l  from t h e  g r o s s  and f i n e  
motion p l a n n i n g  p e r s p e c t i v e s .  During g r o s s  motion p l a n n i n g ,  t h e  
p a t h  p l a n n e r  p r o p o s e s  b a s i c  movements, s i m u l a t e s  t h o s e  movements 
u s i n g  a g e o m e t r i c  modeler ,  t h e n  c h e c k s  t h e  p a t h  f o r  i n t e r f e r e n c e  
w i t h  t h e  v a r i o u s  parts of  t h e  w o r k c e l l .  The f i n e  motion p l a n n i n g  
phase  u t i l i z e s  s i m i l a r  " g e n e r a t e  and test" p r o c e d u r e s  t o  p l a n  t h e  
f i n e  movements of  t h e  r o b o t ,  i n  o r d e r  t o  p l a c e  t h e  seam t r a c k i n g  
s e n s o r  of  t h e  w o r k c e l l  w i t h i n  t h e  r ange  and view of t h e  seam. 

The e x e c u t i o n  c o o r d i n a t o r  a s sembles  t h e  weld p r o c e s s  i n f o r m a t i o n  
and movement p l a n  i n t o  a  comple te  p l a n .  T h i s  comple te  p l a n  is  
t h e n  d i v i d e d  i n t o  component s t r a t e g i e s  f o r  e a c h  subsys tem.  The 
e x e c u t i o n  c o o r d i n a t o r  a l s o  c o n s t r u c t s  a  set  of  sens ,or  s t a t e  
e x p e c t a t i o n s  t o  moni to r  t h e  p l a n ' s  implementa t ion .  I f  a l l  g o e s  
well,  t h e  e x e c u t i o n  c o o r d i n a t o r  d o e s  n o t h i n g  a c t i v e  a f t e r  welding 
has  begun. I f  d e v i a t i o n s  from e x p e c t a t i o n s  o c c u r ,  however, t h e  
c o o r d i n a t o r  t r i e s  t o  c o r r e c t  t h e  s i t u a t i o n  th rough  minute  p l a n  
changes .  P a s t  a c e r t a i n  p o i n t  of  d e v i a t i o n ,  t h i s  component 
s t a b i l i z e s  t h e  p r o c e s s  a s  b e s t  i t  c a n  and c a l l s  o t h e r  subsys tems 
f o r  h e l p .  The e x e c u t i o n  c o o r d i n a t o r  c o n s i s t s  of  a domain- 
independen t  i n f e r e n c e  e n g i n e  coupled  t o  l i m i t e d  s u b s e t s  of t h e  
weld p l a n n e r  and p a t h  p l a n n e r  d a t a b a s e s .  I t  is c a p a b l e  of  
s i m u l t a n e o u s  p l a n  sequenc ing  and s e n s o r  feedback a n a l y s i s  and i s  
d e s i g n e d  t o  d i r e c t l y  i n t e r f a c e  w i t h  I n t e l l i g e n t  Communication 
I n t e r f a c e s  i n  t h e  IFWS. 



INTEGRATED F L E X I B L E  WELDING SYSTEM ARCHITECTURE 

0 UPPER L E V E L  ARCHITECTURE: 

- DESIGN INTERFACE -- COMPUTER-AIDED-DESIGN (CAD)  WORKSTATION 
-- USER ACCESS TO E N T I R E  I F W S  OPERATION 
-- MAJOR INPUT/OUTPUT D E V I C E  

- WELD PLANNER -- CONSTRUCTS WELDING STRATEGY FROM WELDMENT DESIGN 
AND A BODY OF WELDING KNOWLEDGE -- BASED ON RULES FORMULATED BY WELDING EXPERTS 

- PATH PLANNER -- EXAMINES WELD STRATEGY 
-- DETERMINES OPTIONS FOR EXECUTION -- MANAGES C O L L I S I O N  AVOIDANCE 

- EXECUTION COORDINATOR -- GENERATES COMPLETE PLAN FROM WELD PROCESS 
INFORMATION AND MOVEMENT PLAN -- SEPARATES COMPONENT STRATEGIES FROM THE OVERALL 
WELD PROCESS PLAN -- MONITORS THE WELD PROCESS FOR CONFORMITY TO THE 
WELD P L A N  

-- PERFORMS SENSOR FEEDBACK A N A L Y S I S  AS I T  I S S U E S  
PLAN SEQUENCES 

- L I N K E D  TO LOWER L E V E L  BY I N T E L L I G E N T  COMMUNICATIONS 
INTERFACES ( I C I )  

@ LOWER L E V E L  ARCHITECTURE: 

- INTERACTS W I T H  WORKCELL ENVIRONMENT 

- S P E C I F I C  SENSOR, CONTROL AND HARDWARE SUBSYSTEMS -- ROBOTIC A D A P T I V E  WELDING SYSTEM 
-- GLOBAL V I S I O N  SYSTEM -- 3-D  WELD SEAM TRACKING SYSTEM -- WELD PROCESS SENSORS 
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INTEGRATED FLEXIBLE WELDING SYSTEM 

Vis ion  Subsystem Overview 

To a c h i e v e  t h e  r e q u i r e d  sys tem i n t e l l i g e n c e  f o r  low-volume 
o p e r a t i o n s  i n  u n s t r u c t u r e d  env i ronments ,  t h e  c o n c e p t u a l  d e s i g n  of  
t h e  IFWS i n c l u d e s  three s e p a r a t e  v i s i o n  subsys tems:  

The f i r s t ,  t h e  Globa l  Vis ion  System (GVS), w i l l  p r o v i d e  
an  overview of t h e  e n t i r e  w o r k c e l l ,  c o l l e c t i n g  3-D d a t a  
f o r  workpiece  i d e n t i f i c a t i o n  and o r i e n t a t i o n ,  a s  well 
a s  c o l l i s i o n  avo idance  between t h e  workpiece  and r o b o t  
e n d - e f f e c t o r  . 
The second sys tem,  t h e  3-D Weld Seam Tracking System 
(3-D WSTS), w i l l  s c a n  a few i n c h e s  ahead of t h e  welding 
t o r c h  t o  p r o v i d e  advance 3-D i n f o r m a t i o n  on t h e  geometry 
of t h e  workpiece  and v o l u m e t r i c  i n f o r m a t i o n  a b o u t  t h e  
weld j o i n t  gap .  

The t h i r d  v i s i o n  sys tem,  t h e  Weld Poo l  Imaging System, 
employs a  2-D c a p a b i l i t y  f o r  c l o s e - i n  viewing of t h e  
weld p o o l  t o  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  on i t s  
d imens ions  and shape  f o r  p r o c e s s  c o n t r o l ,  a s  w e l l  a s  i t s  
p o s i t i o n  w i t h  r e s p e c t  t o  t h e  seam. R d i s c u s s i o n  o f  t h e  
weld p o o l  v i s i o n  system is conta ined  i n  t h e  article on 
t h e  Robot ic  Adap t ive  Welding System (RAWS) . 
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INTEGRATED FLEXIBLE WELDING SYSTEM 

Global V i s i o n  Sys tern 

The G l o b a l  V i s i o n  Sys tem (GVS) was p r o p o s e d  i n  r e s p o n s e  t o  t h e  
IFWS need  t o  a c c u r a t e l y  l o c a t e  t h e  p a r t s  t o  b e  welded i n  t h e  
workcell, and w i l l  p r o v i d e  t h e  P a t h  P l a n n e r  and Weld P l a n n e r  
e x p e r t  s y s t e m s  t h e  n e c e s s a r y  i n f o r m a t i o n  r e g a r d i n g  w o r k c e l l  
geomet ry  and p a r t  l o c a t i o n .  The o b j e c t i v e  o f  t h e  GVS program is 
t o  d e v e l o p  a  computer -based  v i s i o n  s y s t e m  employing  s p e c i a l  
o p t i c a l  p r e p r o c e s s i n g  and image u n d e r s t a n d i n g  t e c h n i q u e s  t o  
a c h i e v e  t h r e e - d i m e n s i o n a l ,  n e a r - r e a l - t i m e  machine  v i s i o n .  The 
s y s t e m  must  be a b l e  t o  r e c o g n i z e  and l o c a t e  p a r t s  t o  b e  welded i n  
t h e  IFWS w o r k c e l l  t o  a n  a c c u r a c y  o f  one -ha l f  i n c h  t o  assist  i n  
i n i t i a l  p o s i t i o n i n g  o f  t h e  w e l d i n g  t o r c h  and p r o v i d e  f o r  
c o l l i s i o n  a v o i d a n c e .  T h i s  IFWS component  is  b e i n g  d e v e l o p e d  by 
t h e  R o b o t i c s  Program O f f  ice o f  t h e  Naval  S u r f a c e  Weapons C e n t e r  
(NSWC) , White  Oak, MD. 

The f i r s t  GVS subcomponent  is  t h e  3-D V i s i o n  Camera Subsys t em,  
b e i n g  d e v e l o p e d  by  A s s o c i a t e s  and F e r r e n ,  W a i n s c o t t ,  N Y .  T h i s  
i n n o v a t i v e  a p p r o a c h  t o  3-D imaging  u s e s  a  s e r v o - d r i v e n ,  v e r y  
s h a l l o w  dep th -o f - f  i e l d  s c a n n i n g - l e n s  camera  s y s t e m  t o  q u i c k l y  
d e t e r m i n e  d i s t a n c e  t o  v a r i o u s  t a r g e t  f e a t u r e s .  The na r row f o c u s  
f e a t u r e  c r e a t e s  a ser ies  o f  2-D image s l ices as t h e  l e n s  s y s t e m  
s c a n s .  T h i s  e n a b l e s  "2-1/2 D" reconstruction of a representation 
o f  t h e  v i e w a b l e  p o r t i o n  o f  t h e  3-D o b j e c t .  Any items i n  t h e  
f o r e g r o u n d  o r  background t h a t  a r e  n o t  o f  i n t e r e s t  a r e  n o t  
p r o c e s s e d .  

The second  subcomponent  is t h e  Image U n d e r s t a n d i n g  E x p e r t  System 
(IUES) b e i n g  d e v e l o p e d  by  J o h n  Moscar of  NSWC. The o b j e c t i v e  of 
t h e  IUES i s  t o  c o n t r o l  t h e  3-D camera  s y s t e m  and e v a l u a t e  t h e  
r e s u l t i n g  images.  The e x p e r t  s y s t e m ,  m a n i p u l a t i n g  a  compu te r -  
a i d e d - d e s i g n  (CAD) model of t h e  p a r t ,  w i l l  r e c o n s t r u c t  t h e  e n t i r e  
3-D image u s i n g  r o t a t i o n  and t e m p l a t e  m a t c h i n g .  By m a n i p u l a t i n g  
any  "a p r i o r i n  i n f o r m a t i o n  and knowledge a b o u t  e x p e c t e d  
c o n d i t i o n s  i n  t h e  IFWS w o r k c e l l ,  t h e  s y s t e m  d e t e r m i n e s  t h e  p a r t  
i d e n t i t y  and l o c a t i o n  i n  a c c o r d a n c e  w i t h  t h e  IFWS r e q u i r e m e n t s .  
The IUES i s  b e i n g  c r e a t e d  on t h e  Symbol i c s  3670 LISP machine  
u s i n g  t h e  OPS5e E x p e r t  Sys tem deve lopmen t  program,  e x i s t i n g  
F o r t r a n  77 image a n a l y s i s  r o u t i n e s ,  and o t h e r  " low- l eve l "  
a n a l y s i s  s o £  tware. 

The GVS w i l l  be g i v e n  t h e  p a r t  I D  and w i l l  h ave  a c c e s s  t o  t h e  
IFWS CAD d a t a b a s e  o f  p a r t  s o l i d  mode l s ,  and w i l l  know t h e  "wor ld  
c o o r d i n a t e s n  o f  t h e  workcell and i t s  geomet ry .  A l l  p r o c e s s i n g  
w i l l  b e  d o n e  o f f - l i n e  when n o  a c t u a l  w e l d i n g  is o c c u r r i n g .  The 
G l o b a l  V i s i o n  Sys tem w i l l  o u t p u t  t h e  i n f o r m a t i o n  i n  a  s y m b o l i c  
f o r m a t  i n s t e a d  o f  l a r g e  raw d a t a  t r a n s f e r s ,  communicat. ing o v e r  
t h e  E t h e r n e t  b u s  v i a  a n  I n t e l l i g e n t  Communicat ions  I n t e r f a c e  
( I C I )  . 
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PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

3-D Weld Seam T r a c k i n g  Sys tem 

Ano the r  ma jo r  component  o f  t h e  IFWS is t h e  t h r e e - d i m e n s i o n a l  weld 
seam t r a c k i n g  s y s t e m  ( 3 - D  WSTS). I ts p u r p o s e  is t o  p r o v i d e  
s i n g l e - p a s s ,  r e a l - t i m e  g u i d a n c e  o f  t h e  we ld ing  t o r c h .  The s y s t e m  
s c a n s  a few i n c h e s  ahead  o f  t h e  arc t o  p r o v i d e  t h r e e - d i m e n s i o n a l  
i n f o r m a t i o n  on t h e  g e o m e t r y  o f  t h e  w o r k p i e c e  and v o l u m e t r i c  
i n f o r m a t i o n  a b o u t  t h e  weld g a p .  

A c o n t r a c t  was awarded t o  SRI I n t e r n a t i o n a l  i n  1 9 8 1  t o  d e v e l o p  a  
s i n g l e  p a s s ,  3-D weld seam t r a c k i n g  s y s t e m  f o r  u s e  i n  a s h i p y a r d  
e n v i r o n m e n t .  A.n e x i s t i n g  p r o t o t y p e  s e n s o r  d e s i g n e d  by  SRI was t o  
be upgraded  f o r  t h i s  e f f o r t .  T h i s  s e n s o r  o p e r a t e d  by p r o j e c t i n g  
a coded  p a t t e r n  o f  l i g h t  o n t o  t h e  w o r k p i e c e  and i n t e r p r e t i n g  
d i s t o r t i o n s  o f  t h e  image c a u s e d  by  i n t e r s e c t i o n  w i t h  t h e  
w o r k p i e c e  s u r f a c e ,  as viewed by a two-d imens iona l  camera  a  f i x e d  
d i s t a n c e  away. D i s a d v a n t a g e s  o f  t h i s  a p p r o a c h  i n c l u d e d  t h e  l o n g  
n o i s e  i n t e g r a t i o n  time a s s o c i a t e d  w i t h  t h e  two-d imens iona l  
d e t e c t o r  o p e r a t i n g  i n  t h e  p r e s e n c e  o f  t h e  weld arc ,  and t h e  
i n a b i l i t y  t o  d e a l  w i t h  s p e c u l a r  r e f l e c t i o n s  c a u s e d  by some 
w o r k p i e c e  s u r f a c e s .  An improved s e c o n d - g e n e r a t i o n  s e n s o r  
s u b s e q u e n t l y  d e v e l o p e d  by  SRI unde r  c o n t r a c t  w i t h  t h e  Navy 
employed o p t i c a l  t r i a n g u l a t i o n ,  and p r o j e c t e d  a c o l l i m a t e d  beam 
o f  l i g h t  e m i t t e d  b y  a l a s e r  d i o d e  o n t o  t h e  w o r k p i e c e  s u r f a c e .  
The l a s e r  s p o t  was m e c h a n i c a l l y  s canned  back and f o r t h  by  a 
m i r r o r  t o  c r e a t e  a l i n e  o f  i n t e r s e c t i o n  w i t h  t h e  w o r k p i e c e ,  and 
was d e t e c t e d  by  a  256 e l e m e n t  l i n e a r  a r r a y .  The r e s u l t  was a  
marked ly  improved s i g n a l - t o - n o i s e  r a t i o ,  r e l a t i v e l y  f r e e  o f  
o p t i c a l  and e lec t r ica l  n o i s e  c r e a t e d  by  t h e  weld a r c .  The 
l a b o r a t o r y  p r o t o t y p e  b u i l t  by  SRI was s u c c e s s f u l l y  d e m o n s t r a t e d  
we ld ing  on b o t h  aluminum and s teel .  

A c o n t r a c t ,  t o  improve t h e  s e n s o r  f o r  u s e  i n  a p r o d u c t i o n  
e n v i r o n m e n t  (IFWS), and t o  d e v e l o p  a v e r y  f a s t  p i p e l i n e  
a r c h i t e c t u r e  t o  p r o c e s s  t h e  d a t a ,  was awarded i n  September  3984  
t o  R o b o t i c  V i s i o n  Sys t ems ,  I n c .  (RVSI) , w i t h  SRI I n t e r n a t i o n a l  a s  
a  s u b c o n t r a c t o r .  

The 3-D WSTS c o n s i s t s  o f  a  seam t r a c k i n g  s e n s o r  w i t h  i t s  
a s s o c i a t e d  c o n t r o l l e r  ha rdware  and s o f t w a r e ,  a  C i n c i n n a t i  
M i l a c r o n  T3-776 electr ic  r o b o t  equ ipped  w i t h  a  weld t o r c h ,  and an 
o p e r a t o r  i n t e r f a c e  w i t h  o f f - l i n e  programming c a p a b i l i t i e s .  The 
t r a c k e r  c o n t r o l l e r  i s  a  68010-based machine  which u t i l i z e s  t h e  
V e r s a b u s  b u s  s t r u c t u r e .  The f r o n t - e n d  image p r o c e s s i n g  s o f t w a r e  
r e s u l t s  i n  r e a l  t i m e  seam p a r a m e t e r  r e c o g n i t i o n  and t r u e  3-D seam 
c o o r d i n a t e s .  The s u r f a c e  modeler  p r o d u c e s  a  s i m u l a t i o n  o f  t h e  
weld s e q u e n c e  on a c o n s o l e  f o r  m o n i t o r i n g  o f  t h e  weld p r o c e s s .  
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PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

3-D Weld Seam Tracking Sys tem (Con t inued)  

O p e r a t o r  i n t e r a c t i o n  w i t h  t h e  s y s t e m  takes place t h r o u g h  a  menu 
d r i v e n  c o n s o l e  a c t i v a t e d  b y  a keyboard  o r  a mouse. Through t h i s  
i n t e r f a c e ,  t h e  o p e r a t o r  c a n  select and m o n i t o r  weld p a r a m e t e r s ,  
t e a c h  t h e  r o b o t  new weld s e q u e n c e s ,  and p o s i t i o n  t h e  end- 
e f f e c t o r .  Robot mo t ion  c a n  a l s o  be c o n t r o l l e d  by  a s i x  d e g r e e -  
of - f reedom j o y s t i c k ,  r e d u c i n g  t e a c h i n g  t i m e  by a l m o s t  50 p e r c e n t .  
P r o v i d e d  w i t h  t h e  o p e r a t o r  i n t e r f a c e  is  a n  o f f - l i n e  programming 
c a p a b i l i t y  known a s  SKETCI?. SKETCH g u i d e s  t h e  o p e z a t o r  t h r o u g h  
t h e  t e a c h i n g  o f  weld s e q u e n c e s  and a u t o m a t i c a l l y  p r o d u c e s  and 
s t o r e s  t h e  p rog rams  r e q u i r e d  t o  p e r f o r m  t h e  w e l d s .  

The NAVSEA s p o n s o r  r e s p o n s i b l e  f o r  d i r e c t i n g  t h e  3-D WSTS e f f o r t  
is Roy Wells (SEA 070A). A 1 1  i n d i v i d u a l  ha rdware  and s o f t w a r e  
components  o f  t h e  3-D WSTS have  been  c o m p l e t e d ,  and component 
t e s t i n g ,  s y s t e m s  i n t e g r a t i o n ,  and c a l i b r a t i o n  a r e  underway.  An 
e n d - o f - p r o j e c t  d e m o n s t r a t i o n  f o r  t h e  seam t r a c k i n g  s y s t e m  is 
s c h e d u l e d  for  May 1986. 



3 - 0  WELD SEAM TRACKING SYSTEM 

@ PURPOSE: TO PROVIDE SINGLE-PASS,  R E A L - T I M E  GUIDANCE TO 

THE WELDING TORCH 

@ COMPONENTS: 

- TRACKING SENSOR 

- C I N C I N N A T I  MILACRON T 3 - 7 7 6  I N D U S T R I A L  ROBOT 

- GAS METAL ARC WELDING TORCH 

- CONTROL HARDWARE 

-- 6 8 0 1 0 - B A S E D  P I P E L I N E  ARCHITECTURE 

-- VERSABUS 

- CONTROL SOFTWARE 

-- 3 - 0  V I S I O N  PROCESSOR 

-- SURFACE MODELER 
-- O F F - L I N E  PROGRAMMING - "SKETCH" 

- USER INTERFACE 

-- CONSOLE W I T H  KEYBOARD 

-- MOUSE 

-- S I X  DEGREE-OF-FREEDOM J O Y S T I C K  

@ STATUS: 

- I N D I V I D U A L  HARDWARE AND SOFTWARE COMPONENTS 

COMPLETE 
- CURRENTLY WORKING ON SYSTEMS I N T E G R A T I O N  

- END OF PROJECT DEMO - MAY 1 9 8 6  



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED FLEXIBLE WELDING SYSTEM 

Robot ic  Adap t ive  welding System 

One of  t h e  p r imary  s u p p o r t i n g  modules of t h e  IFWS is t h e  Robot ic  
Adap t ive  Welding System (RAWS), a  p r o j e c t  managed by NAVSEA 070A 
under t h e  Navy Manufactur ing  Technology Program. RAWS is be ing  
developed a t  t h e  Westinghouse Research  and Development C e n t e r  and 
i s  s p e c i f i c a l l y  aimed a t  t h e  problems of s m a l l  b a t c h  
manufac tu r ing .  T h e  i n i t i a l  RAWS sys tem is b u i l t  around an 
advanced GMAW welding t o r c h  mounted on a  Unimate 6000 r o b o t ,  
equipped w i t h  a  Westinghouse weld p o o l  v i s i o n  s e n s o r .  

RAWS is i n t e n d e d  t o  p r o v i d e  a d a p t i v e  c o n t r o l  of an  enhanced GMAW 
welding c a p a b i l i t y ,  op t imized  f o r  r o b o t i c  implementa t ion .  The 
s y s t e m ' s  a b i l i t y  t o  m a i n t a i n  d e s i r e d  weld q u a l i t y  under  v a r y i n g  
c o n d i t i o n s  is ach ieved  th rough .  u s e  of a weld p o o l  imaging sys tem 
and a s s o c i a t e d  a d a p t i v e  c o n t r o l  a l g o r i t h m s .  

The weld p r o c e s s  c o n t r o l  feedback a l l o w s  f o r  c o n s i s t e n t  q u a l i t y  
p r o d u c t  i o n  welds when subassembly  p r e p a r a t i o n  and f i  t -up c a n n o t  
b e  o p t i m i z e d ,  t y p i c a l l y  t h e  c a s e  i n  a s h i p y a r d  env i ronment .  The 
c h a r a c t e r i s t i c  u n s t r u c t u r e d  c o n d i t i o n s  and low-volume l o t  s i z e s  
p r e s e n t  s e v e r a l  c h a l l e n g e s  which f o s t e r e d  t h e  i n n o v a t i v e  
developments  embodied i n  the HAWS p r o j e c t .  The advanced g a s  
m e t a l  a r c  welding p r o c e s s  , under development  by Westinghouse,  
u t i l i z e s  an i n - l i n e  e l e c t r i c a l  p r e h e a t  of f i l l e r  w i r e ,  which 
h e l p s  t o  r e d u c e  t h e  i n t e r d e p e n d e n c e  of  a r c  v o l t a g e ,  c u r r e n t ,  
s t i c k o u t ,  and wire feed  p a r a m e t e r s  d u r i n g  welding.  The weld p o o l  
imaging sys tem p r o v i d e s  feedback of  a c t u a l  weldment 
c h a r a c t e r i s t i c s ,  p e r m i t t i n g  a d a p t i v e  c o n t r o l  of  p r o c e s s  
p a r a m e t e r s  i n  a  r e a l - t i m e  manner, w i t h o u t  o p e r a t o r  i n t e r v e n t i o n .  

O p e r a t i o n a l  t e s t i n g  of  t h e  l a b o r a t o r y  p r o t o t y p e  h a s  demons t ra ted  
s a t i s f a c t o r y  performance  on a  number of m a t e r i a l s  and j o i n t  
c o n f i g u r a t i o n s ,  i n c l u d i n g  g roove ,  b u t t ,  l a p  and T - f i l l e t s .  The 
c a p a b i l i t y  of t h e  s e n s o r  t o  d i r e c t  a d a p t i v e  c o n t r o l  h a s  been 
addressed  d u r i n g  two e x p e r i m e n t s  conducted  by t h e  c o n t r a c t o r .  
RAWS w i l l  b e  r eady  f o r  d e m o n s t r a t i o n  a s  an  i n t e r i m  s t a n d - a l o n e  
c a p a b i l i t y  i n  t h e  t h i r d  q u a r t e r  FY 86. 
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PROJECT REVIEW: S H I P B U I L D I N G  AND WEAPONS MANUFACTURING 

LASER ARTICULATED ROBOTIC SYSTEM 

A l a s e r - b a s e d  m e t a l  working p r o c e s s ,  d u e  t o  i t s  v e r y  n a t u r e ,  must 
b e  implemented on an  automated sys tem.  There a r e  no  comparable  
manually-performed o p e r a t i o n s  s u c h  a s  is t h e  c a s e  w i t h  g a s  m e t a l  
a r c  we ld ing .  The l a s e r  p r o c e s s  i s  a l s o  un ique  i n  t h a t  a s i n g l e  
sys tem c a n  b e  used t o  c u t ,  weld,  a.nd mark p a r t s  used i n  component 
f a b r i c a t i o n ,  o f f e r i n g  c o n s i d e r a b l e  p o t e n t i a l  f o r  c o s t  s a v i n g s  i n  
equipment  and m a t e r i a l  h a n d l i n g  needs .  

A p p l i c a t i o n  of  high-power l a s e r s  f o r  u s e  i n  m a t e r i a l s  p r o c e s s i n g  
has  been l i m i t e d  because  i n  most o p e r a t i o n a l  sys tems  t o  d a t e ,  t h e  
workpiece  must b e  moved w h i l e  t h e  l a s e r  beam remains  f i x e d .  The 
s e t - u p  p r o c e s s  is t i m e  consuming b e c a u s e  of t h e  f i x t u r i n g  and 
a l i g n m e n t  r e q u i r e m e n t s  n e c e s s a r y  t o  e n s u r e  t h a t  t h e  weld j o i n t  
and t h e  s m a l l  d  i a m e t e r  focused beam a r e  c o i n c i d e n t  . P e n n s y l v a n i a  
S t a t e  U n i v e r s i t y  has  a  program underway t o  d e v e l o p  f o r  SEA 06L1 a 
L a s e r  A r t i c u l a t e d  Robot ic  System (LARS) , w h i c h  w i l l  expand t h e  
a p p l i c a t i o n  of  laser t echno logy  by a d d r e s s i n g  these i s s u e s .  LARS 
w i l l  p r o v i d e  f o r  p r e c i s i o n  m a n i p u l a t i o n  of  a l a s e r  beam f o r  m e t a l  
f a b r i c a t i o n  and p r o c e s s i n g  th rough  t h e  a p p l i c a t i o n  of  r e a l - t i m e  
a d a p t i v e  sys tems .  

The f i r s t  t h r u s t  f o r  t h e  LARS program h a s  been t h e  development  of 
s e n s o r s  f o r  seam t r a c k i n g  and s p a c e  l o c a t i o n ,  t o  b e  e v a l u a t e d  on 
t h e  p r o t o t y p e  shown on t h e  f a c i n g  page.  A f t e r  s e n s o r  development  
and e v a l u a t i o n  a r e  comple ted ,  t h i s  t e s t b e d  w i l l  b e  c o n v e r t e d  t o  a  
LARS P r o c e s s  Development Machine (PDM) , w i t h  t h e  c a p a b i l i t y  t o  
m a n i p u l a t e  a  l a s e r  beam. The sys tem w i l l  b e  i n t e r f a c e d  w i t h  a  1 5  
k w  l a s e r  a t  t h e  Westinghouse Research  and Development C e n t e r  f o r  
sys tem e v a l u a t i o n ,  d e m o n s t r a t i o n ,  and t echno logy  t r a n s f e r .  A f t e r  
i n t e n s i v e  e v a l u a t i o n ,  an improved sys tem w i l l  b e  developed f o r  
f a c t o r y  a p p l i c a t i o n .  

LARS is a  complex c o n f i g u r a t i o n  c o n s i s t i n g  of s i x  major 
subsystems:  t h e  r o b o t ,  beam t r a n s p o r t ,  workhead, v i s i o n ,  
e l e c t r o n i c  c o n t r o l ,  and s o £  tware  . Some o f  these subsys tems  are 
d e s c r i b e d  below. 

R o b o t  

A gan t ry -based  r o b o t  has  been s e l e c t e d  a s  t h e  o n l y  
c o n f i g u r a t i o n  p r o v i d i n g  t h e  n e c e s s a r y  r e a c h  t o  accommodate 
t h e  r e q u i r e d  working enve lope .  The g a n t r y  p r o v i d e s  X ,  Y ,  
and Z t r a n s l a t i o n  of t h e  beam, and an a r t i c u l a t e d  arm 
p r o v i d e s  t h e  remaining d e g r e e s  o f  freedom r e q u i r e d  f o r  
welding and c u t t i n g .  The r o b o t ,  b e i n g  d e s i g n e d  f o r  t h e  
p r o j e c t  by MTS Systems C o r p o r a t i o n ,  is  s i z e d  t o  p e r m i t  
welding of  items a s  l a r g e  a s  11 f e e t  x 11 f e e t  x 2 f e e t  i n  
t h e  down-hand welding p o s i t i o n  and 4 f e e t  x 4 f ee t  x 4.5 
f e e t  i n  t h e  h o r i z o n t a l  p o s i t i o n .  



LASER A R T I C U L A T E D  R O B O T I C  SYSTEM 

DEVELOPED FOR NAVSEA BY MTS SYSTEMS, LARS PROVIDES FOR PRE- 
CISION MANIPULATION OF A LASER BEAM FOR METAL FABRICATION AND 
PROCESSING THROUGH THE APPLICATION OF REAL-TIME ADAPTIVE 
SYSTEMS. 



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

LASER ARTICULATED ROBOTIC SYSTEM ( C o n t i n u e d )  

Beam T r a n s p o r t  

The beam t r a n s p o r t  s y s t e m  p r o v i d e s  t h e  i n t e r f a c e  be tween  t h e  
l a s e r  and t h e  r o b o t .  T h i s  s y s t e m  must  i n t e r n a l l y  t r a n s p o r t  
t h e  beam up  t o  1 5 0  f e e t  i n  a n  o i l  and d i r t  f r e e  e n v i r o n m e n t .  
I t  was d e t e r m i n e d  t h a t  t h e  beam t r a n s p o r t  s y s t e m  would have  
t o  accommodate a  6 - inch  beam t o  r e d u c e  d i v e r g e n c e - i n d u c e d  
d e g r a d a t i o n .  The beam d i a m e t e r  w i l l  b e  r educed  a t  t h e  
e n t r a n c e  t o  t h e  "2 a x i s "  column.  

Workhead 

The workhead is a t t a c h e d  t o  t h e  l ower  end o f  t h e  " Z  a x i s n  
component  o f  t h e  g a n t r y ,  and,  p r o v i d e s  t h e  a r t i c u l a t e d  mot ion  
r e q u i r e d  f o r  complex m e t a l w o r k i n g .  The workhead is a n  
i n t e g r a t e d  s y s t e m  o f  m e c h a n i c a l  and e l e c t r o m e c h a n i c a l  
components  which f o c u s e s  t h e  l a s e r  beam, and p r o v i d e s  f i n a l  
p o s i t i o n i n g  o f  b o t h  t h e  beam and p r o c e s s - r e l a t e d  ha rdware  
n e a r  t h e  w o r k p i e c e .  The workhead i n c l u d e s  a  g a s  s h i e l d  f o r  
p l a sma  s u p p r e s s i o n ,  a  wire f e e d e r ,  a seam t r a c k e r ,  and a 
c u t t i n g  je t .  

Vision 

The p o s i t i o n i n g  r e q u i r e m e n t s  f o r  LARS i n c l u d e  t r a c k i n g  t h e  
c e n t e r  o f  a  b u t t  j o i n t  t o  w i t h i n  0.005 i n c h e s ,  m a i n t a i n i n g  
t h e  d e s i r e d  s t a n d o f f  d i s t a n c e  t o  w i t h i n  0.015 i n c h e s ,  and 
c o n t r o l l i n g  t h e  a n g l e  o f  t h e  i n c i d e n t  beam w i t h  r e s p e c t  t o  
t h e  w o r k p i e c e  t o  90 d e g r e e s ,  + 1 d e g r e e .  T h i s  t r a c k i n g  
r e q u i r e m e n t  mus t  b e  met f o r  random p a t h  w e l d s  i n  a  work 
e n v e l o p e  measu r ing  20 f e e t  x  20 f e e t  x 1 0  f e e t  w i t h o u t  
p reprogramming,  w h i l e  o p e r a t i n g  a t  s p e e d s  o f  200 i n c h e s  p e r  
m i n u t e .  

Iv!TS Sys tems  i n  M i n n e a p o l i s ,  MN, is t h e  p r i n c i p a l  deve lopmen t  
c o n t r a c t o r ,  w i t h  Wes t inghouse  Advanced Energy  Sys tems  D i v i s i o n  a s  
t h e  s u b c o n t r a c t o r  r e s p o n s i b l e  f o r  t h e  beam t r a n s p o r t  s y s t e m .  
D e l i v e r y  o f  t h e  P r o c e s s  Development  Machine is s c h e d u l e d  f o r  
September  1987 ,  w i t h  d e m o n s t r a t i o n s  b e g i n n i n g  as soon  as t h e  
s y s t e m  is o p e r a t i o n a l .  



LASER ARTICULATED ROBOTIC SYSTEM 

PRIMARY S P E C I F I C A T I O N S  

WORKPIECE ENVELOPE 

- DOWNHAND 11 FT.  X 11 FT.  X 2 FT.  H I G H  

- HORIZONTAL 4 FT.  X 4 FT .  X 4.5 F T -  H I G H  

MACHINE ENVELOPE 

- EXCLUDING GENERATOR AND CONTROLS 

- 1 7 . 5  FT.  X 1 5 . 5  F T .  X 18 .2  FT .  H I G H  

LASER GENERATOR CAPACITY - UP TO 25KW 

0 OPERATIONAL V E L O C I T I E S  - UP TO 2 0 0  INCHES/MINUTE 

PRIMARY OPERATIONAL MODES 

- WELDING - AUTOMATIC RANDOM SEAM TRACKING 

- CUTTING - PRE-PROGRAMMED PATH FOLLOWING 

ACCURACIES 
- + 0 . 0 0 5  I N C H  W I T H I N  DESIRED PATH - 
- - + 3% VELOCITY ACCURACY 

- + 0.030 I N C H  FOCAL D ISTANCE ACCURACY - 
- + 1 DEGREE O R I E N T A T I O N  ANGLE ACCURACY - 

8 BEAM FOCUS O P T I C S  

- F / 7  R E F L E C T I V E  O P T I C S  

- 0 . 0 4 0  I N C H  FOCUS SPOT DIAMETER 



PROJECT REVIEW: S H I P B U I L D I N G  AND WEAPONS MANUFACTURING 

LASER ARTICULATED ROBOTIC SYSTEM (Con t inued ) 

T r a c k  i n g  Sys tern 

The weld seam g u i d a n c e  p r o b l e m s  a s s o c i a t e d  w i t h  l a s e r  w e l d i n g  
d i f f e r  s i g n i f i c a n t l y  f rom t h o s e  a s s o c i a t e d  w i t h  a r c  w e l d i n g .  F o r  
a u t o g e n o u s  b u t t  w e l d s ,  t h e  s m a l l  weld s p o t  d i a m e t e r  (0 .040 i n . )  
r e q u i r e s  t r a c k i n g  a c c u r a c i e s  t o  w i t h i n  0 .005 i n .  t o  e n s u r e  t h a t  
t h e  beam h i t s  b o t h  pieces b e i n g  we lded .  Beam d r i f t  is c a u s e d  b y  
i n a c c u r a c i e s  i n  t h e  r o b o t ,  m i r r o r  m i s a l i g n m e n t ,  and m i r r o r  
h e a t i n g ,  a s  w e l l  a s  t e m p e r a t u r e  and a t m o s p h e r i c  p r e s s u r e  
v a r i a t i o n s .  I n  a d d i t i o n ,  t h e  p a r t  moves d u e  t o  t h e r m a l l y  i nduced  
stresses d u r i n g  t h e  weld o p e r a t i o n .  F o r  t h e s e  r e a s o n s ,  two 
g u i d a n c e  s y s t e m s  a r e  employed t o  c l o s e  t h e  c o n t r o l  l o o p  be tween  
t h e  workhead and w o r k p i e c e .  One g u i d a n c e  s y s t e m  s c a n s  j u s t  
s l i g h t l y  ahead  o f  t h e  weld poo l .  and d e t e c t s  t h e  l o c a t i o n  o f  t h e  
seam,  p r o v i d i n g  p a t h  c o r r e c t i o n  d a t a  t o  t h e  r o b o t  c o n t r o l l e r  
d i r e c t i n g  t h e  m o t i o n s  o f  t h e  e n d - e f f e c t o r .  The o t h e r  s y s t e m  
f o c u s e s  d i r e c t l y  on t h e  weld s p o t ,  d e t e r m i n e s  i ts p o s i t i o n  
r e l a t i v e  t o  t h e  c e n t e r  o f  t h e  weld seam,  and s e n d s  t h i s  
i n £  o r m a t i o n  t o  t h e  f i n a l  m i r r o r  c o n t r o l l e r  f o r  c o n t i n u o u s  
p o s i t i o n i n g  a d j u s t m e n t  t h r o u g h  dynamic  a l i g n m e n t  o f  t h e  m i r r o r  
i t s e l f .  These  two s y s t e m s  mus t  work t o g e t h e r  i n  r e a l - t i m e  
t h r o u g h  a n  i n t e l l i g e n t  c o n t r o l  i n t e r f a c e  t o  k e e p  t h e  weld s p o t  
a c c u r a t e l y  p o s i t i o n e d .  The seam p o s i t i o n  d a t a  i s  c o l l e c t e d  a t  a  
r a t e  o f  one k i l o h e r t z  and t h e  f i n a l  p o s i t i o n  a d j u s t m e n t  is made 
a t  200 h e r t z .  

The i n i t i a l  LARS d e m o n s t r a t i o n  s y s t e m ,  p l a n n e d  f o r  F Y  86, w i l l  
c o n s i s t  o f  a h a l f - s c a l e  s y s t e m  w i t h  l i m i t e d  h i g h  l e v e l  
i n t e l l i g e n c e ,  i n t e n d e d  f o r  v i s i o n  s y s t e m  t e s t i n g  and c o n c e p t  
e v a l u a t i o n .  The s u b s e q u e n t  s y s t e m  w i l l  b e  a f u l l - s c a l e  
d e m o n s t r a t i o n ,  i n c l u d i n g  knowledge-based c , o n t r o l  s t r a t e g i e s  , f o r  
a t r u l y  a d a p t i v e  l a s e r  w e l d i n g  c a p a b i l i t y .  



LARS TRACKING SYSTEM 

8UVANbC 

I SEAM I \ 
WORKHEAD 

2 DEGREE OF FREED 
FINAL MIRROR 

a WELD SEAM GUIDANCE PROBLEMS FOR LASER WELDING: - TRACKING ACCURACIES REQUIRED TO W I T H I N  0 . 0 0 5  I N .  - BEAM D R I F T  AND THERMALLY INDUCED STRESSES 

a TWO GUIDANCE SYSTEMS REQUIRED TO FUNCTION TOGETHER IN 
REAL T IME:  - DETECTION OF WELD SEAM LOCATION AND PATH CORRECTION 

DATA - DETERMINATION OF WELD SPOT P O S I T I O N  R E L A T I V E  TO 
CENTER OF WELD SEAM 



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

LASER WELDED CATAPULT LAUNCH RAIL ASSEMBLIES 

I n  F Y  85 t h e  Navy f u n d e d ,  unde r  s u b c o n t r a c t  t o  ARL, a p r o j e c t  
e n t i t l e d  "Program t o  D e m o n s t r a t e  A p p l i c a t i o n s  o f  Wear R e s i s t a n t  
C o a t i n g s  on Naval  A i r c r a f t  Launch Rai ls  Using a  High Power 
L a s e r " .  The deve lopmen t  work was d o n e  a t  t h e  Wes t inghouse  
Electr ic  R e s e a r c h  and Development  C e n t e r .  The p u r p o s e  o f  t h e  
p r o j e c t  was t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  u s i n g  a l aser  t o  
p r o d u c e  l o a d  b e a r i n g  and s e a l i n g  w e l d s  be tween  c a t a p u l t  t r o u g h  
c o v e r s  and t racks  t o  p r o d u c e  one  p i e c e  a s s e m b l i e s .  The l a s e r  was 
t o  m a k e  1 .25  i n c h  d e e p  w e l d s  a t  t h e  t o p  and b o t t o m  i n t e r f a c e s  of  
t h e  t r o u g h  c o v e r  w i t h  t h e  c a t a p u l t  t rack,  w h i l e  m a i n t a i n i n g  
d  i m e n s i o n a l  and m e c h a n i c a l  r e q u i r e m e n t s  of t h e  a s sembly .  T h i s  
p r o c e s s  would r e p l a c e  t h e  b o l t s  and e v e n t u a l l y  t h e  l o a d  b e a r i n g  
keyway now b e i n g  used  t o  a t t a c h  t h e  t r a c k s  t o  t h e  t r o u g h  c o v e r s .  

The l a s e r  we ld ing  p r o c e s s  was d e v e l o p e d  a t  t h e  Wes t inghouse  R&D 
C e n t e r  t o  p r o d u c e  d e e p ,  nar row-groove  w e l d s  w i t h  h o t  wire f i l l e r  
m a t e r i a l ,  u s i n g  t h e  l a s e r  a s  a we ld ing  h e a t  s o u r c e .  The p r o c e s s  
was s u c c e s s f u l l y  d e m o n s t r a t e d  making p r e l i m i n a r y  w e l d s  i n  1 .5  
i n c h  t h i c k  p l a t e s  o f  HTS and 4140 s teels  used  i n  t h e  t r o u g h  
c o v e r s  and tracks,  r e s p e c t i v e l y .  S i m i l a r l y  s u c c e s s f u l  w e l d s  were 
made i n  f  oo t - long  a s s e m b l y  s e c t i o n s .  

Spec imens  were t a k e n  f rom t h e  w e l d s  and t e s t e d  f o r  s t r e n g t h  and 
t o u g h n e s s ,  and were found t o  meet t h e  r e q u i r e m e n t s  s e t  by t h e  
Navy. I n  a d d i t i o n ,  f a t i g u e ,  f a t i g u e  c r a c k  g r o w t h  r a t e ,  and KISCC 
tests were begun ,  and a r e  n e a r i n g  c o m p l e t i o n .  D i s t o r t i o n  
measurements  on t h e  l a s e r  weld r e v e a l e d  t h a t  d i s t o r t i o n  was 
e q u i v a l e n t  t o  t h a t  found i n  c o n v e n t i o n a l  w e l d s  o f  o n e - t h i r d  t h e  
d e p t h .  

F i v e  f u l l - s i z e  t r o u g h  c o v e r / t r a c k  a s s e m b l i e s  were we lded ,  and t h e  
p r o c e s s  was s u c c e s s f u l l y  d e m o n s t r a t e d  t o  Navy o f f i c i a l s .  
P r o c e d u r e s  were documented and s u b m i t t e d  t o  NAEC f o r  u s e  i n  
t h e  g e n e r a t i o n  o f  a p r o d u c t i o n  r e q u i r e m e n t  document .  I n  
a d d i t i o n ,  a f u l l  s i z e  t r o u g h  c o v e r  a s s e m b l y  was s h i p p e d  t o  NAEC 
f o r  f a t i g u e  t e s t i n g .  

F u r t h e r  t e s t i n g  is underway,  and p r o c e s s  p r o c e d u r e s  a r e  b e i n g  
r e f i n e d  t o  min imize  t h e r m a l l y  i nduced  d i s t o r t i o n  i n  t h e  a s s e m b l y .  
F u t u r e  work i n c l u d e s  laser  c l a d d i n g  o f  wear a r e a s ,  and a  
d e t e r m i n a t i o n  o f  r e s u l t i n g  p h y s i c a l  p r o p e r t i e s .  The f i n a l  g o a l  
is  t o  d e m o n s t r a t e  an  a b i l i t y  t o  p r o d u c e  a c c e p t a b l e  o n e - p i e c e  
t r o u g h  c o v e r / t r a c k  assemblies, and p e r f o r m  rework t y p e  r e p a i r s  on 
s u c h  a s s e m b l i e s  u s i n g  a h i g h  power laser .  



LASER WELDED CATAPULT LAUNCH RAIL  ASSEMBLIES 

AIRCRAFT CARRIER CATAPULT TROUGH COVER 

TRANSVERSE CROSS SECTION OF LASER WELDED CATAPULT TROUGH COVER 

4 1  



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTELLIGENT ROBOTIC INSPECTION SYSTEM 

A SEA 06L1 M a n u f a c t u r i n g  Technology  p r o j e c t ,  managed b y  Henry 
Watson o f  Penn S t a t e ,  was i n i t i a t e d  i n  1985 t o  d e v e l o p  new 
i n s p e c t i o n  t e c h n o l o g y  t o  meet t h e  immedia te  and f u t u r e  i n s p e c t i o n  
n e e d s  of  t h e  Navy. A s  h i g h e r  a c c u r a c i e s  a r e  r e q u i r e d  i n  p a r t  
m a n u f a c t u r e ,  t h e  p r o c e s s  o f  e n s u r i n g  components  and complex 
a s s e m b l i e s  meet s p e c i f i c a t i o n s  i n c r e a s e s  s i g n i f i c a n t l y  b e c a u s e  of 
l a c k  o f  h igh-speed  p r e c i s i o n  i n s p e c t i o n  equ ipmen t .  P r e s e n t  
methods o f  i n s p e c t i o n  i n c l u d e  t h e  u s e  o f  g a u g e  b l o c k s ,  p r e c i s i o n  
i n d i c a t o r s ,  and b o r e  g a u g e s ,  i n  c o m b i n a t i o n  w i t h  g r a n i t e  o r  
s c r a p e d - s t e e l  s u r f a c e  p l a t e s .  T h e r e  a r e  many p r o b l e m s  a s s o c i a t e d  
w i t h  t h e  a p p l i c a t i o n  o f  t h e s e  d e v i c e s ,  and i n  many c a s e s  t h e  
a c c u r a c y  o f  t h e  measurements  is o p e r a t o r  d e p e n d e n t .  

T h i s  e f f o r t  t o  e x e c u t e  a  h i g h l y  a c c u r a t e  i n s p e c t i c n  w o r k c e l l  is 
known a s  t h e  I n t e l l i g e n t  R o b o t i c  I n s p e c t i o n  Sys tem ( IRIS)  
( p r e v i o u s l y  r e f e r r e d  t o  a s  t h e  Non-Contact  P r e c i s i o n  P a r t s  
P r o f i l e r ) .  The t e c h n o l o g i e s  i n c o r p o r a t e d  i n t o  IRIS  i n c l u d e :  (1) 
u n s t r e s s e d  wor ld  c o o r d i n a t e  and o r i e n t a t i o n  measurement ,  ( 2 )  non- 
c o n t a c t  w o r k p i e c e  s e n s i n g ,  ( 3 )  advanced  r o b o t i c  c o n t r o l ,  and ( 4 )  
advanced  u s e r  i n t e r f a c e  c a p a b i l i t i e s .  

I n  t h e  d e s i g n  o f  IRIS ,  i t  was d e c i d e d  t o  f u n c t i o n a l l y  s e p a r a t e  
t h e  measurement  s e n s i n g  mechanism f rom t h e  r o b o t  t r a n s p o r t  
mechanism, t h u s  s p l i t t i n g  c o n v e n t i o n a l  s y s t e m  a c c u r a c y  i n t o  
c o n t r o l  a c c u r a c y  and measurement  a c c u r a c y .  C o n t r o l  a c c u r a c y  i s  
t h e  i n h e r e n t  a c c u r a c y  o f  t h e  r o b o t ,  whe reas  measurement  a c c u r a c y  
is d e p e n d e n t  upon t h e  s e n s o r  s y s t e m s .  

I n  t h e  t r a d i t i o n a l  a p p r o a c h ,  t h e  two a r e  c o u p l e d ,  and t h e  o v e r a l l  
s y s t e m  a c c u r a c y  c a n  be n o  b e t t e r  t h a n  t h e  c o n t r o l  a c c u r a c y .  
C o n v e n t i o n a l  p r a c t i c e s  r e l y  upon s h e e r  mass and p h y s i c a l  
s t r u c t u r e  ( a s  i l l u s t r a t e d  i n  APOMS, p a g e  501, w i t h  a l l  t h e  
i n h e r e n t  p r o b l e m s ,  t o  m a i n t a i n  a n  a c c e p t a b l e  l e v e l  o f  
p e r f o r m a n c e .  

By d e c o u p l i n g  t h e  e r r o r  s o u r c e s  o f  t h e  r o b o t i c  p o s i t i o n i n g  
mechanism, h i g h l y  a c c u r a t e  dynamic measurements  a r e  made 
p o s s i b l e .  The g o a l  o f  t h e  program is t o  d e v e l o p  a  r o b o t i c ,  
l a s e r - b a s e d  measu r ing  s y s t e m  c a p a b l e  o f  compar ing  a c t u a l  
component  o r  a s s e m b l y  d i m e n s i o n s  w i t h  d e s i g n  r e q u i r e m e n t s ,  w i t h  
a n  o v e r a l l  a c c u r a c y  o f  0.0005 i n c h e s .  The s y s t e m  c o n t r o l l e r  w i l l  
be c a p a b l e  o f  o f f - l i n e  programming,  e i t h e r  by  d i r e c t  d i g i t a l  d a t a  
i n p u t  o r  from a CAD d a t a b a s e  which p r e c i s e l y  d e f i n e s  t h e  p a r t .  



I N T E L L I G E N T  ROBOTIC I N S P E C T I O N  SYSTEM 

0 MANUFACTURING TECHNOLOGY PROJECT I N I T I A T E D  I N  EARLY 
1 9 8 5  FOR DEVELOPMENT OF I N S P E C T I O N  TECHNOLOGY 

a GOAL: 

- H I G H L Y  ACCURATE I N S P E C T I O N  WORKCELL 
-. NONCONTACT LASER BASED MEASUREMENT SYSTEM - COMPARE COMPONENT D IMENSIONS W I T H  DESIGN 

REQUIREMENT - OVERALL ACCURACY OF 0 . 0 0 0 5  INCHES - CAPABLE OF O F F - L I N E  PROGRAMMING 

@ CURRENTLY I N  F I N A L  DESIGN STAGE 

a SCHEDULED FOR COMPLETION I N  SEPTEMBER 1 9 8 6  



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTELLIGENT ROBOTIC INSPECTION SYSTEM ( C o n t i n u e d )  

Dur ing  o p e r a t i o n ,  t h e  r o b o t  is  g u i d e d  by  a  s p a c e  l o c a t i o n  s y s t e m  
c o n s i s t i n g  of  6 l a s e r  i n t e r f e r o m e t e r s  and 3 r e t r o - r e f l e c t o r s ,  
c a p a b l e  o f  measu r ing  a b s o l u t e  d i s t a n c e  f rom a  r e f e r e n c e  p o i n t  
w i t h  an  a c c u r a c y  o f  a p p r o x i m a t e l y  1 0  m i c r o i n c h e s .  The 6 d i s t a n c e  
measurements  t o  t h e  e n d - e f f e c t o r  d e f i n e  i ts  p o s i t i o n  i n  wor ld  
c o o r d i n a t e s  t o  an  a c c u r a c y  o f  .00025 i n c h e s  i n  a  work ing  e n v e l o p e  
measu r ing  3 f t .  x 3 f t .  x 3 f t .  The e f f e c t i v e  e n v e l o p e  is 
e x t e n d e d  t h r o u g h  t h e  u s e  o f  a p r e c i s i o n  t u r n t a b l e .  

The p a r t  measurement  s e n s o r  u s e s  c o n v e n t i o n a l  l a s e r  t r i a n g u l a t i o n  
w i t h  a CCD l i n e a r  a r r a y  t o  p r o v i d e  n o n - c o n t a c t  measurement  o f  t h e  
w o r k p i e c e  t o  an  a c c u r a c y  o f  .00025. (The s y s t e m  t h u s  h a s  a n  
o v e r a l l  dynamic a c c u r a c y  o f  +0.0005. i n  . I  

IRIS is c u r r e n t l y  i n  t h e  f i n a l  d e s i g n  s t a g e  and i s  s c h e d u l e d  f o r  
c o m p l e t i o n  i n  September  1986 .  A f t e r  i n s t a l l a t i o n ,  an  e x t e n s i v e  
program o f  t e c h n o l o g y  t r a n s f e r  w i l l  be implemented t o  a l l o w  t h i s  
c o n c e p t  t o  b e n e f i t  o t h e r  a p p l i c a t i o n s .  
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PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

AUTOMATED FUSION WELD INSPECTION SYSTEM 

The Automated F u s i o n  Weld I n s p e c t i o n  System i n c o r p o r a t e s  r o b o t i c  
and compu te r  c o n t r o l  t e c h n o l o g i e s  i n t o  a w o r k c e l l  f o r  t h e  
i n s p e c t i o n  o f  c r u i s e  missile body weldments .  Development  o f  t h e  
s y s t e m ,  managed by  NOSC, was s u c c e s s f u l l y  comple t ed  i n  December 
1984,  and implemented a t  t h e  G e n e r a l  Dynamics ( A b i l e n e ,  TX) 
c r u i s e  missile p r o d u c t i o n  l i n e ,  where i t  r e p l a c e d  t h e  p r e v i o u s  
manual  r a d i o g r a p h i c  i n s p e c t i o n  t e c h n i q u e .  

The Automated F u s i o n  Weld I n s p e c t i o n  w o r k c e l l  c o n s i s t s  o f  a 
m o t o r i z e d  a s sembly  c a r t ,  two i n d u s t r i a l  r o b o t s ,  and X-ray 
p h o t o g r a p h y  components .  The a s sembly  c a r t  p o s i t i o n s  and r o t a t e s  
a c r u i s e  missile body t o  t h e  d e s i r e d  l o c a t i o n  and o r i e n t a t i o n .  
Once s i t u a t e d ,  a C i n c i n n a t i  M i l a c r o n  T3 r o b o t  maneuvers  a n  X-ray 
f i l m  pack i n s i d e  t h e  missile body and p o s i t i o n s  i t  b e s i d e  t h e  
s u b j e c t  we ld .  S i m u l t a n e o u s l y ,  a REIS r o b o t  maneuvers  an X-ray 
s o u r c e  o p p o s i t e  t h e  f i l m  p a c k ,  e x t e r n a l  t o  t h e  body ,  and an  
e x p o s u r e  is  made. The p r o c e s s  i s  r e p e a t e d  u n t i l  a l l  w e l d s  a r e  
p h o t o g r a p h e d ,  r e s u l t i n g  i n  a t o t a l  o f  1 4 0  e x p o s u r e s .  B e n e f i t s  o f  
t h e  s y s t e m  i n c l u d e  improved o p e r a t o r  s a f e t y ,  f a s t e r  o p e r a t i o n ,  
and a r e d u c t i o n  i n  t h e  o r i g i n a l  r e q u i r e m e n t  f o r  230 e x p o s u r e s .  

A mu1 t i - y e a r  enhancement ,  t i t l e d  t h e  Real-Time Rad i o g r a p h y  Weld 
I n s p e c t i o n  Sys tem,  w i l l  s u b s t i t u t e  l i n e a r  s c a n n e r  and f i b e r  
o p t i c  t e c h n o l o g y  f o r  t h e  p r e s e n t  p h o t o g r a p h i c  t e c h n i q u e .  
Development ,  s c h e d u l e d  t o  b e g i n  i n  F Y  86, w i l l  f o c u s  on t h e  
m i n i a t u r i z a t i o n  and p a c k a g i n g  o f  an  X-ray l i n e a r  s c a n n e r ,  which  
w i l l  r e p l a c e  t h e  f i l m  pack  on t h e  c u r r e n t  s y s t e m ,  and be l i n k e d  
t o  a compu te r  b y  f i b e r  o p t i c s .  The compu te r  w i l l  be used  t o  
c o n t r o l  t h e  s c a n n e r  and s tore  t h e  d i g i t i z e d  images .  B e n e f i t s  o f  
t h e  p l a n n e d  enhancement  w i l l  be r educed  c o s t  r e s u l t i n g  f rom t h e  
e l i m i n a t i o n  o f  a l l  p h o t o g r a p h i c  p r o c e s s i n g ,  and improved 
i n s p e c t i o n  q u a l i t y  as  a r e s u l t  o f  computer  i n t e r p r e t a t i o n  of  
h i g h e r  c o n t r a s t  images .  



AUTOMATED F U S I O N  WELD I N S P E C T I O N  

a INCORPORATES ROBOTIC AND COMPUTER CONTROL TECHNCLOGY FOR 
I N S P E C T I O N  OF M I S S I L E  BODY YELDMENTS 

0 IMPLEMENTED A T  GENERAL DYNAMICS C R U I S E  M I S S I L E  
PRODUCTION L I N E  

@ COMPONENTS: - MOTORIZED ASSEMBLY CART 
- I N D U S T R I A L  ROBOTS 
- -- C I N C I N N A T I  MILACRON T 3  MANEUVERS X-RAY F I L M  

PACK B E S I D E  WELD -- R E I S  ROBOT MANEUVERS X-RAY SOURCE OPPOSITE 
F I L M  PACK - X-RAY PHOTOGRAPHY 

a REAL TIME RADIOGRAPHY WELD INSPECTION SYSTEM: - MULTI -YEAR ENHANCEMENT 
- M I N I A T U R I Z A T I O N  AND PACKAGING OF X-RAY L I N E A R  

SCANNER - F I B E R  O P T I C  TECHNOLOGY 



PROJECT REVIEW: S H I P B U I L D I N G  AND WEAPONS MANUFACTURING 

ROBOTIC STRUCTURAL SHAPES PROCESSING 

The SEA 05R43 sponsored  Robot ic  S t r u c t u r a l  Shapes P r o c e s s i n g  
p r o j e c t ,  managed by Bob J e n k i n s  of DTNSRDC, is d e s i g n e d  t o  
a d d r e s s  problems a s s o c i a t e d  w i t h  t h e  f a b r i c a t i o n  of s t r u c t u r a l  
components used i n  s b i p b u i l d  ing  . Such components a r e  now 
manual ly  c u t  from s t e e l  and aluminum a n g l e s ,  tees, c h a n n e l s ,  and 
o t h e r  common raw s t o c k .  P r e s e n t  methods f o r  marking and c u t t i n g  
o f  t h e s e  s h a p e s  a r e  h i g h l y  l a b o r - i n t e n s i v e  o p e r a t i o n s .  
Conven t iona l  oxy- fue l  c u t t i n g  p r o c e s s e s  used on s t e e l  s t o c k  l e a v e  
s l a g  which must b e  manual ly  removed b e f o r e  f i n i s h e d  p i e c e s  a r e  
p a l l e t i z e d  f o r  sh ipment  t o  s t o r a g e  a r e a s .  Aluminum s t o c k  i s  
p r e s e n t l y  c u t  by c i r c u l a r  o r  band saws.  

The t e c h n i c a l  o b j e c t i v e  of  t h i s  p r o j e c t  i s  t o  d e v e l o p  and . 
d e m o n s t r a t e  an advanced sys tem i n c o r p o r a t i n g  computer-aided- 
d e s i g n ,  r o b o t i c  marking and c u t t i n g ,  and semi-automat ic  m a t e r i a l s  
h a n d l i n g .  The Robot ic  S t r u c t u r a l  Shapes P r o c e s s i n g  System w i l l  
c o n t a i n  a Unimate S e r i e s  6000 r o b o t  on a  50-foot  b a s e ,  w i t h  
plasma c u t t i n g  and a  programmable p r e c i s i o n  marking d e v i c e .  The 
plasma t o r c h  w i l l  b e  employed t o  minimize s l a g  b u i l d u p ,  and can, 
b e  u t i l i z e d  on b o t h  s t ee l  and aluminum by s imply  v a r y i n g  t h e  g a s  
m i x t u r e .  The s t o c k  w i l l  b e  moved th rough  t h e  p r o c e s s i n g  c e l l  
w i t h  a  m a t e r i a l  hand l ing  t r a n s p o r t  mechanism. A v i s i o n  sys tem 
w i l l  b e  used t o  index t h e  s t o c k ,  which is then  clamped i n  p l a c e  
f o r  t h e  c u t t i n g  and marking of t h e  s h a p e s .  

The t a s k  of a u t o m a t i c a l l y  c o n t r o l l i n g  a  r o b o t i c  p l a s m a - c u t t  ing 
w o r k s t a t i o n  is i n h e r e n t l y  less  complex and t h e r e f o r e  of  lower  
r i s k  t h a n  c o n t r o l l i n g  a  welding w o r k s t a t i o n ,  because  fewer 
v a r i a b l e s  a r e  a s s o c i a t e d  w i t h  t h e  c u t t i n g  p r o c e s s .  There  is o n l y  
a  s i n g l e  p i e c e  o f  s t o c k  on which t o  o p e r a t e  d u r i n g  c u t t i n g ,  a s  
opposed t o  two o r  more workp ieces  t o  b e  jo ined  i n  welding.  The 
d e s i r e d  c u t s  themse lves  c a n  b e  r e a d i l y  d e f i n e d  beforehand i n  a  
computer-aided-design (CAD) d a t a f  i l e ,  b o t h  i n  t e r m s  of t h e i r  
c o n f i g u r a t i o n  and l o c a t i o n  on t h e  workpiece .  

The pr ime c o n t r a c t o r  f o r  t h i s  e f f o r t  i s  Bath I r o n  Works 
C o r p o r a t i o n .  Phase  I ,  completed i n  A p r i l  1983,  demons t ra ted  b o t h  
t h e  f e a s i b i l i t y  o f  r o b o t i c  c u t t i n g  of t h e  r e q u i r e d  p r o f i l e  u s i n g  
a  plasma t o r c h ,  and a u t o m a t i c  p a r t  i d e n t i f i c a t i o n  (marking)  . 
Westinghouse Electr ic  C o r p o r a t i o n  is  t h e  p r i n c i p a l  s u b c o n t r a c t o r  
t o  Bath  I r o n  Works f o r  t h e  Phase  I1 e f f o r t ,  i n i t i a t e d  i n  F Y  85, 
which w i l l  i n t r o d u c e  t h e  CAD i n p u t  and i n t e g r a t e  t h e  semi- 
a u t o m a t i c  m a t e r i a l  h a n d l i n g  s y s  tern. The f u n c t i o n a l  
s p e c i f i c a t i o n s  have been completed f o r  t h e  Numerical C o n t r o l  
Suppor t  System and t h e  Robot ic  P r o c e s s i n g  C e l l .  Work is well 
underway on t h e  equipment  d e s i g n  and s p e c i f i c a t i o n s  f o r  t h e  
m a t e r i a l  hand l ing  sys tem,  marking d e v i c e ,  r o b o t ,  c u t t i n g  t o r c h ,  
and t h e  v i s i o n  sys tem.  



R O B O T I C  S T R U C T U R A L  S H A P E S  P R O C E S S I N G  

WESTlNGHOUSElUNlMATlON 

HEAVY DUTY 
A N D  EOA T 4- PROCESS 

ENVELOPE 

INFEED ROLLER 
CONVEYOR 

FLOW 

S I D E  VIEW OF ROBOT AND MATERIAL CONVEYOR 

T Y P I C A L  STRUCTURAL S H A P E S  

WESTINGHOUSEIUNIMA~ 
SERIES 6000 

SHAPE PROBE 
ENCODER SYSTEM 

ROBOT AND MATERIAL CONVEYOR: END VIEW 

4 9  



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

INTEGRATED COMPUTER-AIDED MANUFACTURING OF PROPELLERS 

The m a n u f a c t u r i n g  and i n s p e c t i o n  o f  p r o p e l l e r s  i n v o l v e s  many 
c o s t l y ,  l a b o r - i n t e n s i v e  p r o c e s s e s  r e q u i r i n g  c a r e f u l  measurement ,  
mach in ing  and g r i n d i n g  t o  a c h i e v e  t h e  d e s i r e d  q u a l i t y  i n  t h e  
f i n i s h e d  p r o d u c t .  The I n t e g r a t e d  Computer-Aided M a n u f a c t u r i n g  o f  
P r o p e l l e r s  (ICAMP) P r o j e c t ,  unde r  d i r e c t i o n  of  Roy Wells, SEA 
070A, was i n i t i a t e d  t o  improve p r o p e l l e r  q u a l i t y  w h i l e  r e d u c i n g  
m a n u f a c t u r i n g  and i n s p e c t i o n  c o s t s .  ICAMP i s  d e s i g n e d  t o  
a c c o m p l i s h  i n s p e c t i o n ,  s u r f a c e  b u i l d - u p ,  m a c h i n i n g ,  g r i n d i n g ,  and 
b a l a n c i n g  a t  a s i n g l e  w o r k s t a t i o n .  The f i r s t  o f  t h r e e  
i n s t a l l a t i o n s  is  underway a t  P h i l a d e l p h i a  Naval  S h i p y a r d ,  w i t h  
fo l low-on  i n s t a l l a t i o n s  p l a n n e d  f o r  two o t h e r  n a v a l  s h i p y a r d s .  
The c o n t r a c t o r  is R o b o t i c  V i s i o n  Sys t ems ,  I n c .  

The f i r s t  p h a s e  o f  t h e  1CAMP.ef for t  p roduced  t h e  P r o p e l l e r  
Automated Welding Sys tem (PAWS) , u s i n g  t h e  RVSI Robo-Sensor t o  
p r o v i d e  seam t r a c k i n g  c o r r e c t i o n s  t o  t h e  r o b o t  p e r f o r m i n g  b l a d e  
we ld ing  and c l a d d i n g  o p e r a t i o n s .  The g a s  m e t a l  a r c  w e l d i n g  
p r o c e s s  i s  u s e d ,  w i t h  t r a c k i n g  o v e r  a  0 .5  i n c h  r a n g e .  

The Automated P r o p e l l e r  O p t i c a l  Measurement System (APOMS), a  key  
e l e m e n t  o f  ICAMP, was d e v e l o p e d  t o  p r o v i d e  a  h i g h  speed  o p t i c a l  
i n s p e c t i o n  t o o l  c a p a b l e  o f  a u t o m a t i c a l l y  measu r ing  s h i p ' s  p r o p e l -  
l e r  s u r f a c e s  a t  low c o s t ,  w h i l e  p r o v i d i n g  t h e  d e s i g n e r  w i t h  
s u f f i c i e n t  r e l i ab le  d a t a  t o  v a l i d a t e  advanced  p r o p e l l e r  d e s i g n s .  
I t  is d e s i g n e d  t o  c o l l e c t  p r e c i s e  i n - p r o c e s s  measurements  f o r  
c o n t r o l l i n g  g r i n d i n g ,  w e l d i n g ,  and c l a d d i n g .  APOMS i n t e g r a t e s  a  
3-D n o n - c o n t a c t  measurement  s y s t e m  w i t h  a  cus tom-des igned  , 
p r e c i s i o n  f i v e - a x i s  r o b o t  and a computer  ne twork  which  g u i d e s  t h e  
i n s p e c t  i o n  p r o c e s s  and e v a l u a t e s  t h e  d a t a .  The measurement  
s e n s o r  is p o s i t i o n e d  i n  c l o s e  p r o x i m i t y  t o  t h e  b l a d e ,  and 
o r i e n t e d  t o  p r e c i s e l y  map t h e  s u r f a c e  i n  t h r e e  d i m e n s i o n s .  A 3-D 
d i g i t a l  d e s c r i p t i o n  is c r e a t e d  and compared t o  d e s i g n  
s p e c i f i c a t i o n s  , i d e n t i f y i n g  o u t - o f - t o l e r a n c e  a r e a s .  

APOMS i s  c a p a b l e  o f  s c a n n i n g  and d i g i t i z i n g  p r o p e l l e r  s u r f a c e s  a t  
60 s q u a r e  f e e t  p e r  hour  w i t h  a measurement  r e s o l u t i o n  e x c e e d i n g  
1 4 , 4 0 0  s a m p l e s  p e r  s q u a r e  f o o t ,  and l o c a l  measurement  a c c u r a c y  o f  
+0.0025 i n c h e s .  - 

The P r o p e l l e r  O p t i c a l  F i n i s h i n g  System (PROFS) mach ines  t h e  
p r o p e l l e r  t o  i t s  f i n a l  s p e c i f i c a t i o n  u s i n g  d e s i g n  d a t a  p r o v i d e d  
by  t h e  compu te r  d a t a b a s e .  The P r o p e l l e r  B a l a n c i n g  (PROBAL) 
Sys tem p e r f o r m s  au toma ted  b a l a n c i n g  o f  t h e  p r o p e l l e r .  Using APOMS 
d a t a ,  t h e  PROBAL Sys tem s o f t w a r e  computes  t h e  amount and l o c a t i o n  
o f  m a t e r i a l  t o  b e  removed, r e s u l t i n g  i n  a b a l a n c e d  p r o p e l l e r  
mee t ing  d e s i g n  c r i t e r i a .  



I N T E G R A T E D  COMPUTER-AIDED MANUFACTURING OF  PROPELLERS 

# O B J E C T I V E :  
- AUTOMATE PROPELLER MANUFACTURING 
- IMPROVE PROPELLER Q U A L I T Y  
- REDUCE MANUFACTURING AND I N S P E C T I O N  COSTS 

8 ELEMENTS:  
- PROPELLER AUTOMATED M E L D I N G  SYSTEM ( P A W S )  -- SEAM T R A C K I N G  
- AUTOMATED PROPELLER O P T I C A L  MEASUREMENT SYSTEM 

(APOMS)  
- PROPELLER O P T I C A L  F I N I S H I N G  SYSTEM ( P R O F S )  
- PROPELLER BALANCING ( P R O B A L )  SYSTEM 
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COMPOSITE HULL ADVANCED MANUFACTURING PROCESS 

Navy Minesweeper  Hun te r  (MSH) h u l l s  are  c u r r e n t l y  p l a n n e d  t o  b e  
f a b r i c a t e d  by m a n u a l l y  l a y i n g  r e s i n  s a t u r a t e d  g l a s s  woven 
r o v i n g / m a t  p l i e s  on t o p  o f  a  male mold.  Automated i m p r e g n a t o r s  
are used  f o r  a l l  l a m i n a t i o n  e x c e p t  c o n n e c t i o n s ,  beams,  and o t h e r  
small a r e a s .  W r i n k l e s ,  g a s  b u b b l e s ,  m i s a l i g n m e n t  o f  m a t e r i a l ,  
and i n a c c u r a t e  l a m i n a t e  t h i c k n e s s  a r e  t y p i c a l  p r o b l e m s .  
I m p l e m e n t a t i o n  o f  r o b o t i c s  t e c h n o l o g y  i n  t h e  f a b r i c a t i o n  p r o c e s s  
c o u l d  p o s s i b l y  improve  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  g l a s s  
r e i n f o r c e d  p l a s t i c  (GRP) , l e a d  t o  improved q u a l i t y ,  a r e d u c t i o n  
i n  c o n s t r u c t i o n  c o s t s  and improve h e a l t h  and s a f e t y  c o n d i t i o n s .  

The Compos i t e  H u l l  Advanced M a n u f a c t u r i n g  P r o c e s s  (CHAMP) 
p r o j e c t ,  managed by SEA 55Y13, f e a t u r e s  a  c o m b i n a t i o n  o f  two new 
t e c h n o l o g i e s :  c o m p o s i t e  m a t e r i a l s  and r o b o t i c s .  P h a s e  I of  t h e  
p r o j e c t  was d e v e l o p m e n t  o f  a  c o n c e p t u a l  d e s i g n  o f  a  s p e c i a l i z e d  
r o b o t  t o  improve q u a l i t y  and r e d u c e  p r o c e s s i n g  time i n  t h e  
m a n u f a c t u r e  o f  GRP h u l l s  f o r  MSH v e s s e l s .  

The c o n c e p t u a l  d e s i g n ,  d e v e l o p e d  by  CASDE u n d e r  t h e  d i r e c t i o n  o f  
D r .  J o h n  F .  W a t t e a u ,  D i r e c t o r  of R o b o t i c s  and Numer i ca l  C o n t r o l  
L a b o r a t o r i e s  a t  UCLA, is  i l l u s t r a t e d  on t h e  f a c i n g  page .  The 
h u l l  mold is  p o s i t i o n e d  u n d e r  t h e  g a n t r y .  The r o b o t  c a r r i a g e  is 
mounted on t h e  g a n t r y  b r i d g e  and p o s i t i o n e d  above  t h e  mold.  The 
b r i d g e  moves a l o n g  r a i l s  s u p p o r t e d  by  the g a n t r y .  The r o b o t i c  
p l a t f o r m  c a n  b e  moved l i n e a r l y  a l o n g  t h e  l o n g i t u d i n a l ,  
t r a n s v e r s e ,  and v e r t i c a l  a x e s ;  and a n g u l a r l y  t h r o u g h  a  r o t a r y  
a x i s .  A s i x  deg ree -o f - f r eedom arm e q u i p p e d  w i t h  a  s p e c i a l  end-  
e f f e c t o r  is  a l s o  a t t a c h e d  t o  t h e  p l a t f o r m  f o r  p o s s i b l e  u s e  i n  
i n s p e c t i n g ,  c o r r e c t i n g ,  c u r i n g ,  and f i n i s h i n g  . 
The r o b o t  moves a c r o s s  t h e  h u l l  mold,  t h e o r e t i c a l l y  d e p o s i t i n g  
l a y e r s  o f  impregna t ed  c l o t h  which  l i e  f l a t ,  w i t h o u t  w r i n k l e s ,  
b u b b l e s  o r  v o i d s .  The c l o t h  i s  f e d  f rom t h e  g a n t r y  c a r r i a g e  i n t o  
t h e  i m p r e g n a t o r ,  where  i t  is w e t t e d  i n  a d e p t h - c o n t r o l l e d  p o o l  o f  
c a t a l y z e d  p o l y e s t e r  r e s i n ,  and m a n i p u l a t e d  away f rom t h e  v e r t i c a l  
p l a n e  by f o r w a r d  and a f t  r e t r a c t a b l e  s l i t  b l o w e r s .  R o l l e r s  
a t t a c h e d  t o  t h e  r o b o t  arm would a i d  i n  p l a c e m e n t  o f  seams, and 
p r e s s  t h e  impregna t ed  c l o t h  a g a i n s t  t h e  mold t o  remove t r a p p e d  
b u b b l e s .  

A r e c e n t  r e v i e w  o f  t h e  CHAMP p r o j e c t  f o c u s e d  on c o n c e r n s  
i n v o l v i n g  s e n s o r  f e e d b a c k  f o r  a d a p t i v e  c o n t r o l ,  as w e l l  a s  t h e  
m a n i p u l a t i v e  d e x t e r i t y  n e c e s s a r y  t o  a p p l y  and work r e s i n -  
impregna t ed  f i b e r g l a s s  u s i n g  a  r o b o t i c  s y s t e m .  The r e s u l t s  o f  
t h e  r e v i e w  w i l l  be a d d r e s s e d  i n  P h a s e  I1 i n  F Y  86 w i t h  t h e  
i s s u i n g  o f  a  R e q u e s t  f o r  P r o p o s a l  (RFP) . 



COMPOS I T E  HULL ADVANCED M A N U F A C T U R I N G  PROCESS 

MOLD 
BASE 
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TRIDENT HULL CLEANER 

The removal  o f  o l d  p a i n t ,  r u s t ,  and s c a l e  f rom s h i p  h u l l s  h a s  
been  i d e n t i f i e d  a s  a n  a r e a  o f  advanced  s h i p  r e p a i r  t e c h n o l o g y  i n  
which  r o b o t s  c o u l d  p l a y  a p o t e n t i a l  r o l e .  F o r  s u c h  a p p l i c a t i o n s ,  
s i g n i f i c a n t  c o s t  s a v i n g s  a r e  p r o j e c t e d  t h r o u g h  i n c r e a s e d  
p r o d u c t i v i t y ,  w i t h  a d d i t i o n a l  b e n e f i t s  d e r i v e d  i n  terms o f  worker  
h e a l t h  and e n v i r o n m e n t a l  c o n s i d e r a t i o n s .  C o n v e n t i o n a l  g r i t  
b l a s t i n g  methods  are l a b o r - i n t e n s i v e ,  i n v o l v i n g  t h e  e r e c t i o n  and 
l a t e r  d i s a s s e m b l y  of  e l a b o r a t e  s c a f f o l d i n g  t o  a l l o w  a c c e s s  t o  t h e  
work s u r f a c e s .  C o n t a m i n a t i o n  f rom a i r b o r n e  p a r t i c u l a t e s  is  
h a z a r d o u s  n o t  o n l y  t o  t h e  e n v i r o n m e n t ,  b u t  a l s o  t o  n e a r b y  
mach ine ry  and equ ipmen t .  The r e c o v e r y  of accumula t ed  g r i t  f rom 
t h e  bo t tom o f  t h e  d rydock  a f t e r  t h e  o p e r a t i o n  is a  s i g n i f i c a n t  
p a r t  o f  t h e  o v e r a l l  e x p e n s e .  

The SEA 0703A T r i d e n t  H u l l  C l e a n e r  is  a n  example  of  a semi- 
autonomous c l o s e d - c y c l e  c o n £  i g u r a t  i o n  i n t e n d e d  t o  overcome some 
o f  t h e s e  p rob lems .  The i n e r t i a l  s h o t  b l a s t i n g  s y s t e m  was 
d e v e l o p e d  by  B a r n e s  and Re inecke  u n d e r  s u b c o n t r a c t  t o  
Whee lab ra to r -F ry ,  f o r  a p p l i c a t i o n  on s u b m a r i n e  h u l l s .  Recyc led  
s t ee l  s h o t  is used  t o  b l a s t  t h e  s u r f a c e ,  and t h e  a b r a d e d  m a t e r i a l  
i s  c o l l e c t e d  by  a  vacuum s y s t e m  and s t o r e d  i n  a  t r a i l e r  b e h i n d  
t h e  u n i t  f o r  d i s p o s a l .  I n i t i a l  a t t e m p t s  t o  implement  similar 
c l o s e d - c y c l e  g r i t  b l a s t i n g  s y s t e m s  were p l a g u e d  by  p rob lems  
a s s o c i a t e d  w i t h  p r e m a t u r e  seal wear o u t  a t  t h e  i n t e r f a c e  be tween  
t h e  vacuum r e c o v e r y  h o u s i n g  and t h e  h u l l  s u r f a c e .  An i n n o v a t i v e  
d e s i g n  employing  a m a g n e t i c  perimeter s e a l  e f f e c t i v e l y  s o l v e s  
t h i s  problem: t h e  a b r a s i v e  s t ee l  s h o t  is  drawn i n t o  t h e  m a g n e t i c  
g a p  be tween  t h e  h o u s i n g  p e r i m e t e r  and t h e  h u l l  i t s e l f ,  f o rming  an 
e f f e c t i v e  seal.  

I n  o p e r a t i o n ,  t h e  h u l l  c l e a n e r  is  d r i v e n  by  t h e  o p e r a t o r  i n t o  
p o s i t i o n  a l o n g s i d e  t h e  v e s s e l  i n  t h e  d r y d o c k .  Once t h e  t r a n s p o r t  
is s i t u a t e d ,  t h e  m a n i p u l a t o r  b e g i n s  t o  a u t o m a t i c a l l y  e x e c u t e  a  
pre-programmed sweep p a t t e r n .  S e r v o - c o n t r o l l e d  m a n i p u l a t o r  
movement c a u s e s  t h e  e n d - e f f e c t o r  t o  f o l l o w  t h e  h u l l  c o n t o u r s ,  
r e l y i n g  on t a c t i l e  s e n s o r  f e e d b a c k  t o  m a i n t a i n  p re - loaded  c o n t a c t  
w i t h  t h e  h u l l  s u r f a c e .  I n  t h i s  f a s h i o n ,  t h e  workhead t r a c k s  up 
t h e  h u l l ,  moves s i d e w a y s  t h e  d i s t a n c e  o f  i ts own. w i d t h ,  and t h e n  
d e s c e n d s  t o  repeat t h e  o p e r a t i o n .  Alter a  t o t a l  o f  f o u r  passes, 
t h e  o p e r a t o r  r e p o s i t i o n s  t h e  t r a n s p o r t ,  and t h e  p r o c e s s  is  
r e p e a t e d .  

The p r o t o t y p e  h u l l  c l e a n e r  c a n  c o v e r  up t o  l , O O O  s q u a r e  f e e t  per 
hour .  The f i r s t  o f  two s y s t e m s  h a s  been  d e l i v e r e d  t o  t h e  Naval  
Submar ine  Base, Bangor ,  Washington ,  where i t  is  c u r r e n t l y  
u n d e r g o i n g  o p e r a t i o n a l  e v a l u a t i o n .  A p p l i c a t i o n s  f o r  a d d i t i o n a l  
s y s t e m s  a r e  b e i n g  i n v e s t i g a t e d .  



T R I D E N T  HULL  CLEANER 

CLOSED-CYCLE SHOT BLASTING U S I N G  
HOBILE PLATFORM DEVELOPED FOR S E A  0 7 0 3 A  

@ CLOSED-CYCLE SEMI-AUTONOMOUS HULL  C L E A N I N G  SYSTEM 

@ T A C T I L E  SENSORS M A I N T A I N  PRELOADED CONTACT W I T H  H U L L  

@ EMPLOYS RECYCLED S T E E L  SHOT T O  BLAST SURFACE 

@ CURRENTLY I N  USE AT  NAVAL SUBMARINE BASE, BANGOR, 
WASHINGTON 
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ROBOT A S S I S T E D  SURFACE PREPARATION AND P A I N T  PROJECT 

The Robot A s s i s t e d  S u r f a c e  P r e p a r a t i o n  and P a i n t  (RASPP) P r o j e c t  
is a b l a n u f a c t u r i n g  Technology  (MT) e f f o r t  w i t h  I n g a l l s  
S h i p b u i l d i n g  t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  r o b o t i c s  
t e c h n o l o g y  f o r  s u r f a c e  p r e p a r a t i o n  and p a i n t i n g .  P h a s e  I was 
i n t e n d e d  t o  p e r f o r m  a s u r v e y  o f  a v a i l a b l e  t e c h n o l o g y ,  p r e p a r e  an  
i n i t i a l  s y s t e m  s p e c i f i c a t i o n ,  and p e r f o r m  a  b a s e l i n e  economic 
a n a l y s i s .  The SEA 05R4 p r o j e c t  i s  managed by  t h e  Naval  S h i p  
Sys t ems  E n g i n e e r i n g  S t a t i o n  (NAVSSES) i n  P h i l a d e l p h i a ,  u n d e r  t h e  
d i r e c t i o n  o f  Thorn G a l i e .  

I n  F e b r u a r y  1 9 8 5  SEA 90G was r e q u e s t e d  t o  c o n d u c t  a  t e c h n i c a l  
r e v i e w  of  t h e  RASPP p r o j e c t  f o r  NAVSSES and SEA 05R4. A RASPP 
Working Group o f  t h e  R o b o t i c s  Commit tee  was s u b s e q u e n t l y  formed 
t o  e v a l u a t e  t h e  t e c h n i c a l  a s p e c t s  o f  work per formed t o  d a t e .  The 
RASPP Working Group c o n c l u d e d  t h e  p roposed  p r e l i m i n a r y  d e s i g n  d i d  
n o t  e s t a b l i s h  o r  s u p p o r t  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  a  s u r f a c e  
p r e p a r a t i o n  and p a i n t i n g  s y s t e m .  The Working Group n o t e d  t h a t  
t h e  c o n c e p t  o f  a p p l y i n g  r o b o t i c s  t e c h n o l o g y  t o  s u r f a c e  
p r e p a r a t i o n  h a s  c o n s i d e r a b l e  merit, b u t  f e l t  t h a t  t e c h n i c a l  
f e a s i b i l i t y  had n o t  b e e n  d e m o n s t r a t e d  by t h e  c o n t r a c t o r .  Th ree  
o f  t h e  c o n c e r n s  i d e n t i f i e d  were c o n s i d e r e d  c r u c i a l  w i t h  r e s p e c t  
t o  e s t a b l i s h i n g  t e c h n i c a l  f e a s i b i l i t y :  

m.9~ T ~ b n ~ k e g y :  The r e p o r t  i n a d e q u a t e l y  a d d r e s s e d  
s t a t e - o f - t h e - a r t  s e n s o r s  ( o r  t h e  need f o r  advanced  
s o p h i s t i c a t e d  s e n s o r s )  and f a i l e d  t o  p r o v i d e  g e n e r a l  
p e r f o r m a n c e  r e q u i r e m e n t s  f o r  t h e i r  deve lopmen t .  

D e l i y e ~ y  SW.m The r e p o r t  minimized p rob lems  
a s s o c i a t e d  w i t h  deve lopmen t  o f  a m a n i p u l a t o r  
c a p a b l e  o f  p o s i t i o n i n g  t h e  end-ef  f e c t o r  t o  p e r f o r m  
p r e p a r a t i o n  and p a i n t i n g  f u n c t i c n s ,  g i v e n  l o a d  and 
p o s i t i o n i n g  a c c u r a c y  r e q u i r e m e n t s .  

M S L M ~ S ~ L D ~  J n t e m ~ e :  The r e p o r t  l a c k e d  an  a d e q u a t e  
c o n s i d e r a t i o n  o f  t h e  s c o p e  o f  r e q u i r e m e n t s  f o r  t h e  
man/machine i n t e r f a c e  r e q u i r e d  i n  t h e  s y s t e m  b e i n g  
p r o p o s e d .  

The Naval  S h i p  Sys tems  E n g i n e e r i n g  S t a t i o n  (NAVSSES) p a r t i c i p a t e d  
i n  t h e  c o m p r e h e n s i v e  r e v i e w  of  t h e  I n g a l l s  r e p o r t  and was i n  
ag reemen t  w i t h  c o n c l u s i o n s  of t h e  R o b o t i c s  Commit tee .  



ROBOT ASSISTED SURFACE PREPARATION AND P A I N T  

@ NAVSEA SPONSORED MANUFACTURING TECHNOLOGY PROJECT 

@ I D E N T I F I E D  AS A H I G H  PAYOFF AREA FOR ROBOTIC A P P L I C A T I O N  

@ OPTIONS INCLUDED: 

- HULL-CRAWLING ROBOTS 

- EXTENSION ARMS FROM DRYDOCK WALLS 

- MOBILE PLATFORMS 

- OPEN-CYCLE G R I T  B L A S T I N G  

- CLOSED-CYCLE SHOT BLASTING 

- LASER-BASED REMOVAL METHODS 

@ TECHNICAL F E A S I B I L I T Y  CONCERNS: 

- SENSOR TECHNOLOGY 

- DELIVERY SYSTEM TECHNOLOGY 

- MAN/MACHINE INTERFACE 

@ CONCLUSIONS: 

- CONCEPT HAS CONSIDERABLE POTENTIAL 

- CONCEPT NOT YET DEMONSTRATED 
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AUTOMATED MANUFACTURING RESEARCH F A C I L I T Y  

The N a t i o n a l  Bureau of  S t a n d a r d s  (NBS) is d e v e l o p i n g ,  w i t h  Navy 
s u p p o r t ,  a n  Automated Manufactur ing  Research  F a c i l i t y  (AMRF) t o  
advance t h e  c u r r e n t  s t a t e  of  manufac tu r ing  t echno logy .  The AMRF 
h a s  become a  major n a t i o n a l  l a b o r a t o r y  f o r  t e c h n i c a l  work r e l a t e d  
t o  i n t e r f a c e s  and s t a n d a r d s  f o r  n e x t  g e n e r a t i o n  computer-  
a s s i s t e d  manufac tu r ing ,  and w i l l  b e  i n  f u l l  o p e r a t i o n  by t h e  end 
of  1986. S e v e r a l  w o r k s t a t i o n s  i n  t h e  f a c i l i t y  a r e  a l r e a d y  used 
i n  a c t i v e  r e s e a r c h  programs by NBS and Navy r e s e a r c h e r s ,  
i n d u s t r i a l  r e s e a r c h e r s ,  u n i v e r s i t y  p e r s o n n e l ,  and s c i e n t i s t s  and 
e n g i n e e r s  from o t h e r  government a g e n c i e s .  The p r o j e c t  manager f o r  
t h i s  e f f o r t  a t  NBS is D r .  P h i l  N a n z e t t a .  

The AMRF s u p p o r t s  r e s e a r c h  i n  machine t o o l  and r o b o t  me t ro logy ,  
s e n s o r s  and s e n s o r y  p r o c e s s i n g ,  r o b o t  s a f e t y ,  r o b o t  c o n t r o l ,  
s o f t w a r e  enhancement of  machine t o o l  a c c u r a c y ,  p r o c e s s  p l a n n i n g  
and d a t a  p r e p a r a t i o n  f o r  machine t o o l s  and r o b o t s ,  p a r t s  r o u t i n g  
and h a n d l i n g ,  r e a l - t i m e  c o n t r o l  of r o b o t s  and a g g r e g a t i o n  of  
d e v i c e s ,  w o r k s t a t i o n  c o n t r o l ,  c e l l  c o n t r o l  and m a t e r i a l s  h a n d l i n g  
c o n t r o l .  I t  is v a l u a b l e  f o r  s t u d i e s  of i n t e r f a c e s  between 
c o n t r o l  modules and among d a t a  u s e r s .  

The f a c i l i t y  c o n s i s t s  of  t h r e e  machining c e n t e r s ,  a  c o o r d i n a t e  
measuring machine, and a c l e a n i n g  and d e b u r r i n g  s t a t i o n ,  e a c h  
tended by an i n d u s t r i a l  r o b o t .  A l l  components a r e  s e r v e d  by a 
m a t e r i a l s  hand l ing  s y s  tem f e a t u r i n g  an automated wire-guided 
v e h i c l e ,  and an i n t e r n a l  b u f f e r  s t o r a g e  sys tem f o r  t o o l s ,  
m a t e r i a l s ,  and work i n  p r o g r e s s .  The f l o o r  p l a n  of t h e  f a c i l i t y  
a p p e a r s  on t h e  f o l l o w i n g  page .  AMRF's un ique  approach  t o  modern 
manufac tu r ing  t echno logy  u s e s  commercial  components where 
p o s s i b l e .  T h i s  c o r r e s p o n d s  t o  t h e  p r a c t i c a l ,  i n c r e m e n t a l  r o u t e  
t o  au tomat ion  fo l lowed by s m a l l  t o  mid-sized f i r m s .  

The above components a r e  o rgan ized  i n t o  w o r k s t a t i o n s  c o n s i s t i n g  
of  a  machine t o o l ,  i ts r o b o t ,  s e n s o r s  and a  w o r k s t a t i o n  
c o n t r o l l e r .  Works ta t ion  a c t i v i t i e s  a r e  schedu led  and c o o r d i n a t e d  
by a  c e l l  c o n t r o l l e r .  Two a d d i t i o n a l  c o n t r o l  l e v e l s  p r o v i d e  
long-range  p l a n n i n g  and s c h e d u l i n g ,  d e s i g n  and e n g i n e e r i n g  
s e r v i c e s  such a s  p r o c e s s  p l a n n i n g ,  and o f f - l i n e  programming of 
machine t o o l s  and r o b o t s .  

During p u b l i c  d e m o n s t r a t i o n s  he ld  i n  November 1985,  two AMRF 
w o r k s t a t i o n s  performed t h e  machining of f i v e  Navy s p a r e  p a r t s  
c u r r e n t l y  s u p p l i e d  by o u t s i d e  c o n t r a c t o r s .  The H o r i z o n t a l  
Works ta t ion  f a b r i c a t e d  f o u r  of  t h e  p a r t s ,  i n c l u d i n g  a  v a l v e  body 
and t h r e e  p i p e  f l a n g e s .  The f i f t h  p a r t ,  a  monel v a l v e  stem 
i n t e n d e d  f o r  assembly w i t h  t h e  v a l v e  body, was manufactured  by 
t h e  Turning W o r k s t a t i o n .  The c a p a b i l i t y  t o  manufac tu re  s u c h  
components w i l l  b e  expanded d u r i n g  FY 86 t o  i n c l u d e  30 Navy s p a r e  
p a r t s  . 



AUTOMATED M A N U F A C T U R I N G  RESEARCH F A C I L I T Y  

( L E F T )  VIEW OF THE I N S P E C T I O N  WORKSTATION WITH 7 - A X I S  AMERICAN ROBOT. 
( R I G H T )  VIEW OF THE T U R N I N G  WORKSTATION U S I N G  T H E  N B S  MANIPULATOR TO 

LOAD P A R T S  I N  THE COLLET OF THE T U R N I N G  CENTER.  



PROJECT REVIEW: SHIPBUILDING AND WEAPONS MANUFACTURING 

ROBOTIC MICROMANIPULATOR 

The U n i v e r s i t y  o f  Texas  a t  Aus t i r !  ( D r .  D e l  T e s a r )  is  d e v e l o p i n g  a 
compact  h i g h - p r e c i s i o n ,  compl j .an t  m a n i p u l a t o r  f o r  t h e  f i n e  
p o s i t i o n i n g  o f  r o b o t  e n d - e f f e c t o r s .  The o b j e c t i v e  o f  t h e  p r o j e c t  
is  t o  i n c r e a s e  t h e  f e a s i b i l i t y  o f  h i g h  p r e c i s i o n  r o b o t i c  
a p p l i c a t i o n s  w i t h  a  r e s u l t a n t  r e d u c t i o n  i n  c o s t s .  The R o b o t i c  
M i c r o m a n i p u l a t o r  p r o v i d e s  s i x  deg rees -o f - f r eedom w i t h  h i g h  
r e s o l u t i o n  and n o  b a c k l a s h .  The need  f o r  s u c h  a  d e v i c e  l i e s  i n  
t h e  c u r r e n t  d e s i g n  of most  r o b o t  m a n i p u l a t o r s .  The l a r g e  
p a y l o a d s  and r e l a t i v e l y  c r u d e  m o t i o n s  o f  t h e s e  r o b o t s  p r e v e n t  
t h e i r  a p p l i c a t i o n  t o  h i g h - p r e c i s i o n  t a s k s .  I n s t a l l a t i o n  of  t h e  
R o b o t i c  M i c r o m a n i p u l a t o r  w i l l  p e r m i t  f i n e  c o n t r o l  o f  t h e s e  g r o s s  
mo t ion  d e v i c e s .  

The m i c r o m a n i p u l a t o r  d e s i g n  e n v i s i o n s  a compac t ,  s e l f  - c o n t a i n e d ,  
module a t t a c h e d  t o  t h e  e n d p l a t e  o f  an e x i s t i n g  r o b o t  s t r u c t u r e .  
T h i s  v e r n i e r  s y s t e m  c o n c e p t  w i l l  r e s u l t  i n  p o s i t i o n a l  a c c u r a c i e s  
of a p p r o x i m a t e l y  0.001 i n .  Motion r a n g e s  f o r  t h e  d e v i c e  a r e  
e x t r e m e l y  smallf  w i t h  l i n e a r  t r a n s l a t i o n s  l i m i t e d  t o  0 . 1  i n . ,  and 
a  maximum r o t a t i o n a l  t r a n s l a t i o n  of  2 d e g r e e s .  The m a n i p u l a t o r  
w i l l  we igh  c l o s e  t o  20 l b s . ,  and w i l l  be housed i n  a  s t r u c t u r e  
4.5 i n .  t h i c k  and 7 i n .  i n  d i a m e t e r .  



R O B O T I C  M I C R O M A N I P U L A T O R  
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PROJECT REVIEW: REPAIR AND MAINTENANCE 

CATAPULT COVER REFURBISHMENT 

Dur ing  r e g u l a r  o v e r h a u l ,  r e f u r b i s h m e n t  o f  a i r c r a f t  c a r r i e r  
c a t a p u l t  t r o u g h  c o v e r s  r o u t i n e l y  i n v o l v e s  r e p e t i t i v e  d i s a s s e m b l y ,  
c l a d  w e l d i n g  o f  worn s u r f a c e s ,  and mach in ing  a l a r g e  number o f  
s i m i l a r  workpieces t o  d i m e n s i o n a l  s p e c i f i c a t i o n s .  A USS 
F o r r e s t a l  C l a s s  i n s t a l l a t i o n  t y p i c a l l y  i n v o l v e s  f o u r  c a t a p u l t s ,  
t o  i n c l u d e  380 i d e n t i c a l  p i e c e s  measu r ing  s i x  f e e t  l o n g ,  and 8 
pieces e i g h t  f e e t  i n  l e n g t h .  Welding s e r v i c e s  f o r  t h i s  j o b  
i n v o l v e  t h r e e  e i g h t - h o u r  s h i f t s ,  s e v e n  d a y s  a w e e k ,  f o r  a  p e r i o d  
o f  t h r e e  t o  s i x  months .  P rob lems  e n c o u n t e r e d  t o  d a t e  i n c l u d e  t h e  
l a r g e  number o f  c o v e r s ,  t h e  c o m p l e x i t y  o f  t h e  m u l t i - t a s k  
r e f u r b i s h m e n t  p r o c e s s ,  cramped working  c o n d i t i o n s ,  and s h o r t a g e s  
o f  material ,  equ ipmen t ,  and p e r s o n n e l .  

An au toma ted  g a s  m e t a l  arc w e l d i n g  s y s t e m  employing  a  r a i l -  
mounted t r a c t o r  h a s  been  d e v e l o p e d  a t  P u g e t  Sound Naval  S h i p y a r d  
(PSNS) f o r  u s e  d u r i n g  one  o f  t h e  f i r s t  C l a s s  A o v e r h a u l s  o f  
a i r c r a f t  c a r r i e r  c a t a p u l t  track c o v e r s .  T h i s  c a p a b i l i t y ,  c o u p l e d  
w i t h  a  w o r k c e l l  , c o n f i g u r a t i o n  which a l l o w s  work t o  p r o c e e d  
s i m u l t a n e o u s l y  on two c a t a p u l t  c o v e r s ,  h a s  e n a b l e d  PSNS t o  s t a y  
ahead  o f  t h e  o v e r h a u l  s c h e d u l e .  T h i s  "ha rd  a u t o m a t i o n "  a p p r o a c h  
is  p o s s i b l e  b e c a u s e  o f  t h e  h i g h  volume,  r e p e t i t i v e  n a t u r e  of t h e  
s t r a i g h t - l i n e  w e l d s .  

C o n s i d e r a t i o n  is b e i n g  g i v e n  t o  i n t r o d u c i n g  a n  i n d u s t r i a l  r o b o t ,  
equ ipped  w i t h  a  g a s  metal a r c  w e l d i n g  c a p a b i l i t y  and seam 
t r a c k i n g  s y s t e m ,  i n t o  t h i s  e n v i r o n m e n t .  The time r e q u i r e d  t o  s e t  
up and program f rom s h i p  class t o  s h i p  class,  however ,  mus t  b e  
o f f - s e t  by  i n c r e a s e d  p r o d u c t i v i t y  and q u a l i t y .  The p r e s e n t  
au toma ted  w e l d i n g  c a p a b i l i t y  now i n  u s e  a t  PSNS may well be more 
c o s t  e f f e c t i v e  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n  t h a n  a  more 
s o p h i s t i c a t e d  r o b o t i c  w o r k c e l l ,  d u e  t o  t h e  l a r g e  number o f  
i d e n t i c a l  w o r k p i e c e s  and t h e  l i n e a r  n a t u r e  o f  t h e  w e l d s .  R.n 
a p p l i c a t i o n s  a s s e s s m e n t  is  needed t o  d e t e r m i n e  i f  s u c h  a  w o r k c e l l  
c o u l d  be g a i n f u l l y  employed as well on o t h e r  c a n d i d a t e  w o r k p i e c e s  
of g r e a t e r  compl . ex i ty ,  where t h e  u s e  o f  a f l e x i b l e  r o b o t i c  s y s t e m  
f o r  low-volume, non-unif  orm we ld ing  o p e r a t  i o n s  is c e r t a i n l y  
m e r i t e d .  



C A T A P U L T  C O V E R  R E F U R B I S H M E N T  

EXISTING AUTOMATED GMAW SYSTEM AT PSNS FOR CATAPULT COVER REFURBISHMENT 
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PROJECT REVIEW: REPAIR AND MAINTENANCE 

ROBOTIC SHEET METAL WELDING SYSTEM 

P l a n n i n g  h a s  begun on a  c a n d i d a t e  SEA 070A p r o j e c t ,  s e l e c t e d  from 
a b road  l is t  o f  p o t e n t i a l  n a v a l  s h i p y a r d  a p p l i c a t i o n s ,  t o  
a u t o m a t e  c e r t a i n  w e l d i n g  o p e r a t  i o n s  employed i n  s h e e t  m e t a l  
s h o p s .  C a r e f u l  t h o u g h t  mus t  b e  g i v e n  t o  t h e  p r o s p e c t s  f o r  good 
r e t u r n  on i n v e s t m e n t  when i n v e s t i g a t i n g  t h e  a u t o m a t i o n  o f  
p r o c e s s e s  employed i n  low-volume, u n s t r u c t u r e d  e n v i r o n m e n t s .  
F e p e t i t i v e  o p e r a t i o n s  s i m i l a r  t o  t h o s e  found  i n  s h e e t  m e t a l  s h o p s  
are good p o t e n t i a l  c a n d i d a t e s  f o r  t h e  a p p l i c a t i o n  o f  s econd-  
g e n e r a t i o n  r o b o t i c  s y s t e m s  employing  s e n s o r  f e e d b a c k  f o r  a d a p t i v e  
c o n t r o l .  

V a r i o u s  c o m b i n a t i o n s  of  p o s i t i o n i n g  t a b l e s ,  r o b o t s ,  and weld 
p r o c e s s e s  must  b e  i n v e s t i g a t e d  t o  maximize t h e  u t i l i t y  o f  
s e l e c t e d  s y s t e m s  for d e a l i n g  w i t h  a  v a r i e t y  o f  work items. 
C o n s i d e r a t i o n  w i l l  be g i v e n  t o  i n s t a l l i n g  an  a p p r o p r i a t e  v i s i o n  
s y s t e m  t o  compensat.e f o r  w o r k p i e c e  d e v i a t i o n s  w i t h i n  s p e c i f i e d  
t o l e r a n c e s .  The u s e  o f  m u l t i p l e  w o r k s t a t i o n s  is  a n o t h e r  o p t i o n  
which  would a l l o w  t h e  s i m u l t a n e o u s  p e r f o r m a n c e  o f  s e t  up and 
f i x t u r i n g  o p e r a t  i o n s  w h i l e  we ld ing  t o  e n h a n c e  t h r o u g h p u t .  The 
r e q u i r e d  f  i x t u r i n g  , s y s t e m s  i n t e g r a t i o n  n e e d s ,  and t h e  p o t e n t i a l  
f o r  o f f  - l i n e  programn~ing  a r e  a d d i t i o n a l  i m p o r t a n t  a r e a s  t o  
e x p l o r e .  

S h e e t  m e t a l  s h o p s  a t  P u g e t  Sound Naval  S h i p y a r d  somet imes  work 
t h r e e  s h i f t s ,  s e v e n  d a y s  a w e e k  f a b r i c a t i n g  l o c k e r  b e r t h s .  I n  
t h e s e  q u a n t i t i e s ,  t h e  f a b r i c a t i o n  o f  r e p e t i t i v e  items s u c h  a s  
l o c k e r  b e r t h s ,  v e n t i l a t i o n  d u c t s ,  p a n e l  d o o r s  and f r a m e s  a r e  
a t t r a c t i v e  examples  o f  s h e e t  m e t a l  o p e r a t i o n s  t h a t  c o u l d  b e n e f i t  
g r e a t l y  f rom t h e  i n c r e a s e d  p r o d u c t i v i t y  o f f e r e d  by  a  f l e x i b l e  
r o b o t i c  we ld ing  w o r k c e l l .  



R O B O T I C  SHEET  M E T A L  W E L D I N G  SYSTEM 

8 ' P L A N S  ARE UNDERWAY T O  DEVELOP A R O B O T I C  W E L D I N G  
C A P A B I L I T Y  I N  N A V A L  S H I P Y A R D  SHEET  METAL  SHOPS 

0 C A N D I D A T E  A P P L I C A T I O N S  I N C L U D E  F A B R I C A T I O N  OF: 

- LOCKER BERTHS 
- VENTILATION DUCTS - P A N E L  DOORS AND FRAMES 

0 THE PRESENT MANUAL F A B R I C A T I O N  OF LOCKER BERTHS I S  
H I G H L Y  LABOR I N T E N S I V E  

0 IMPORTANT C O N S I D E R A T I O N S :  

- I N T E G R A T I O N  OF P O S I T I O N I N G  T A B L E S ,  V I S I O N  SYSTEMS, 
ROBOTS, AND WELDING SYSTEMS - U T I L I Z A T I O N  OF M U L T I P L E  WORK S T A T I O N S  - A P P L I C A T I O N  OF O F F - L I N E  PROGRAMMING 



PROJECT REVIEW: REPAIR AND MAINTENANCE 

AUTOMATED THERMAL SPRAY WORKCELL 

A p p l i c a t i o n  o f  f l ame-sprayed  c o a t i n g s  is o f  t e n  used  i n  t h e  
r e f u r b i s h m e n t  o f  machine  p a r t s ,  s u c h  a s  v a l v e  components ,  
r o t a t i n g  mach ine ry  s h a f t s ,  t u r b i n e  c a s i n g s ,  and p a c k i n g  s l e e v e s .  
The Automated Thermal  S p r a y  System is a n  e f f o r t  t o  i n c r e a s e  
p r o d u c t i v i t y ,  improve q u a l i t y ,  and r e d u c e  ha rmfu l  work ing  
c o n d i t i o n s  c u r r e n t l y  a s s o c i a t e d  w i t h  c o n v e n t i o n a l  s p r a y  methods .  

E x i s t i n g  m a n u a l l y - o p e r a t e d  equipment  a t  P u g e t  Sound Naval  
S h i p y a r d  is now i n  u s e  a t  maximum c a p a c i t y  o v e r  two 12-hour 
s h i f t s ,  s e v e n  d a y s  a  week, and t h e  work load  is p r o j e c t e d  t o  
d o u b l e  o v e r  t h e  n e x t  two y e a r s .  The p r e s e n t  s y s t e m  p o s e s  
s i g n i f i c a n t  h e a l t h  h a z a r d s  t o  t h e  o p e r a t o r ,  and c o s t s  o f  m e e t i n g  
NAVOSH r e q u i r e m e n t s  a r e  c o n s i d e r a b l e .  P r o c e s s  p a r a m e t e r s  s u c h  a s  
arc c u r r e n t  and v o l t a g e ,  p r e h e a t  t e m p e r a t u r e ,  and p l a sma  g a s  
p r e s s u r e  are i n i t i a l l y  s e t ,  and remain  c o n s t a n t  t h r o u g h o u t  t h e  
o p e r a t i o n  w i t h  n o  a d a p t i v e  c o n t r o l  p o s s i b l e .  

The i n s t a l l a t i o n  o f  a n  au tomated  s y s t e m  employing  f eedback  
s e n s o r s  and a  r o b o t i c  e n d - e f f e c t o r  would a l l o w  s u c h  p a r a m e t e r s  t o  
be mon i to red  and c o n t r o l l e d  i n  r e a l  time, e l i m i n a t e  t i m e  l o s s  
a s s o c i a t e d  w i t h  m a i n t a i n i n g  t e m p e r a t u r e  and measu r ing  p r o c e s s  
p a r a m e t e r s ,  and remove t h e  o p e r a t o r  f rom a h a z a r d o u s  e n v i r o n m e n t .  

I m p o r t a n t  c o n s i d e r a t i o n s  i n  a p p l y i n g  r o b o t i c  t e c h n o l o g y  t o  t h i s  
need i n c l u d e  d e t e r m i n a t i o n  o f  e f f o r t  r e q u i r e d  f o r  s e t u p  and 
programming,  and i d e n t i f i c a t i o n  of t h e  n a t u r e  and r e p e a t a b i l i t y  
o f  machine  p a r t s  t o  be r e f u r b i s h e d .  A t  p r e s e n t ,  a  t e c h n i c a l  
r e v i e w  o f  an  A i r  F o r c e  M a n u f a c t u r i n g  Technology  au toma ted  thermal .  
s p r a y  s y s t e m  is b e i n g  c o n d u c t e d  a t  P u g e t  Sound Naval  S h i p y a r d  t o  
a s c e r t a i n  a p p l i c a b i l i t y  t o  s h i p y a r d  o p e r a t i o n s .  Upon c o m p l e t i o n  
o f  t h i s  a s s e s s m e n t ,  e f f o r t s  w i l l  b e  i n i t i a t e d  t o  p r o c u r e  
a p p r o p r i a t e  equ ipmen t  t o  implement an  au tomated  t h e r m a l  s p r a y  
w o r k c e l l .  



AUTOMATED THERMAL SPRAY WORKCELL 

0 A P P L I C A T I O N  I N  R E F U R B I S H M E N T  OF M A C H I N E  PARTS:  

- V A L V E  STEMS 

- SHAFTS (ROTATING MACHINERY) 

- T U R B I N E  AND PUMP C A S I N G S  

- P A C K I N G  S L E E V E S  

0 PROBLEMS W I T H  CURRENT MANUAL OPERAT ION:  

- WORKLOAD PROJECTED TO DOUBLE I N  TWO YEARS 

- POOR R E P E A T A B I L I T Y ,  PROCESS CONTROL 

- POSES H E A L T H  HAZARDS TO OPERATOR 

- COST OF M E E T I N G  NAVOSH R E Q U I R E M E N T S  C O N S I D E R A B L E  

I) APPROACH: 

- I N S T A L L  AUTOMATED R O B O T I C  SPRAY SYSTEM 

- MONITOR/CONTROL PARAMETERS I N  R E A L  T I M E  



PROJECT REVIEW: REPAIR AND MAINTENANCE 

AMMUNITION OFF-LOADING AND INSPECTION SYSTEM 

The o f f - l o a d i n g  o f  project i les  f rom n a v a l  c o m b a t a n t s  is  a  time 
consuming process which  o f f e r s  s i g n i f i c a n t  p o t e n t i a l  f o r  
i .mprovements i n  p r o d u c t i v i t y  as well a s  s a f e t y  t h r o u g h  
a p p r o p r i a t e  u s e  o f  a u t o m a t i o n .  C o n v e n t i o n a l  p r a c t i c e s  i n v o l v e  
p l a c i n g  t h e  p r o j e c t i l e s  i n t o  a  s k i d  box ,  which  i s  * t h e n  
t r a n s f e r r e d  by c r a n e  t o  t h e  p i e r  f o r  t r a n s p o r t a t i o n  t o  a  r e m o t e  
i n s p e c t i o n  p o i n t .  P r o j e c t i l e s  a r e  t h e n  c l a s s i f i e d  a c c o r d i n g  t o  
t h e  d e g r e e  o f  r e f u r b i s h m e n t  r e q u i r e d .  

A c o n c e p t  d e v e l o p e d  by  C a p t a i n  W i l l i a m  F .  Cadow, SEA 064 ,  c a l l s  
f o r  t h e  u s e  o f  a  r e l o c a t a b l e  o f f - l o a d i n g  and i n s p e c t i o n  
c a p a b i l i t y  housed i n  a  t r a i l e r  t h a t  c o u l d  b e  d r i v e n  i n t o  p l a c e  
a l o n g s i d e  t h e  v e s s e l .  A m a t e r i a l  t r a n s p o r t  c o n v e y o r  would e x t e n d  
f rom t h i s  t r a i l e r  t o  t h e  deck  o f  t h e  s h i p  a s  shown i n  t h e  
a r t i s t ' s  c o n c e p t  on t h e  f a c i n g  page .  P r o j e c t i l e s  would b e  marked 
w i t h  a  c i r c u l a r  b a r  c o d e  t h a t  c o u l d  be used  t o  i d e n t i f y  r e c a l l e d  
l o t s ,  f a c i l i t a t i n g  c o m p u t e r - c o n t r o l l e d  i n v e n t o r y  management.  Upon 
p a s s i n g  t h r o u g h  t h e  b a r  c o d e  r e a d e r ,  t h e  p r o j e c t i l e  would n e x t  
e n t e r  a  n o n - c o n t a c t  measurement  s t a t i o n ,  where  c r i t i c a l  
m e c h a n i c a l  d i m e n s i o n s  would b e  c h e c k e d ,  and o u t - o f - t o l e r a n c e  
c o n d i t i o n s  f l a g g e d .  The p r o j e c t i l e  would t h e n  p a s s  t h r o u g h  a 
r e a l - t i m e  i n s p e c t i o n  s t a t i o n  d e s i g n e d  t o  d e t e c t  t h e  p r e s e n c e  o f  
c o r r o s i o n  o r  o t h e r  c o n d i t i o n s  w a r r a n t i n g  r e f u r b i s h m e n t .  

An au toma ted  ' p i ck -and -p l ace"  r o b o t  a t  t h e  end o f  t h e  m a t e r i a l  
c o n v e y o r  would t h e n  p a l l e t  i z e  t h e  p r o j e c t i l e s  a c c o r d i n g l y  f o r  
r ework ,  r e f u r b i s h m e n t ,  o r  r e i s s u e ,  b a s e d  on t h e  i n s p e c t i o n  
r e s u l t s .  F o r  s a f e t y  p u r p o s e s ,  any  s u c h  o p e r a t i o n s  r e q u i r i n g  
a c t u a l  p h y s i c a l  c o n t a c t  w i t h  t h e  o r d n a n c e  would t a k e  place a t  a 
r e m o t e  s i te .  S i g n i f i c a n t  p r o d u c t i v i t y  g a i n s  are p r o j e c t e d  t h r o u g h  
t h e  u s e  of  t h i s  n o n - c o n t a c t  i n s p e c t i o n  t e c h n o l o g y ,  i n  t h a t  
p r o j e c t i l e s  n o t  i n  need  o f  r e f u r b i s h m e n t  o r  rework c a n  b e  
i m m e d i a t e l y  r e i s s u e d  on s i t e .  The au toma ted  i n v e n t o r y  t r a c k i n g  
made p o s s i b l e  by b a r  c o d e  mark ing  o f  t h e  i n d i v i d u a l  o r d n a n c e  
items is e x p e c t e d  t o  y i e l d  s u b s t a n t i a l  improvements  i n  e f f i c i e n c y  
a s  well. 



A M M U N I T I O N  OFF-LOADING AND I N S P E C T I O N  SYSTEM 

a CONCEPT FOR RELOCATABLE OFF-LOADING AND INSPECTION 
C A P A B I L I T Y  

I) P O T E N T I A L  FOR S I G N I F I C A N T  P R O D U C T I V I T Y  IMPROVEMENT 
THROUGH AUTOMATION 

0 BARCODING F A C I L I T A T E S  COMPUTER CONTROLLED INVENTORY 

a NON-CONTACT INSPECTION AND MEASUREMENT 

0 R O B O T I C  P A L L E T I Z I N G  

@ OPERATIONS R E Q U I R I N G  P H Y S I C A L  CONTACT CONDUCTED AT 
REMOTE S I T E  



PROJECT REVIEW: REPAIR AND MAINTENANCE 

SHIP SURFACE SCANNER 

The s u c c e s s f u l  p l a n n i n g  and e x e c u t i o n  o f  s h i p  o v e r h a u l  and r e p a i r  
a c t i v i t i e s  is d e p e n d e n t  on t h e  a v a i l a b i l i t y  o f  a c c u r a t e  
measurements  o f  s h i p  s t r u c t u r a l  components .  P r e s e n t  methods  
n e c e s s i t a t e  l a r g e  s u r v e y  teams t o  g a t h e r  t h e  r e q u i r e d  d i m e n s i o n a l  
i n f o r m a t i o n  u s i n g  s t a n d a r d  measu r ing  t e c h n i q u e s  ( t a p e s ,  r u l e r s ,  
etc .) , w i t h  r e s u l t i n g  d a t a  manua l ly  r e c o r d e d  and s t o r e d .  T h i s  
a p p r o a c h  is l a b o r  i n t e n s i v e  and c o s t l y .  I t  i s  a l s o  r e s t r i c t i v e  
i n  terms of  t h e  c o m p l e t e n e s s  and t h o r o u g h n e s s  of  t h e  s u r v e y ,  as 
w e l l  as t h e  a c c u r a c y  o f  t h e  d a t a  c o l l e c t e d .  I n  a d d i t i o n ,  t h e  
r e s u l t i n g  f o r m a t  d o e s  n o t  p e r m i t  s h i p y a r d  p e r s o n n e l  t o  v i s u a l i z e  
t h e  measurement  i n f o r m a t i o n .  

The S h i p  S u r f a c e  S c a n n e r  is d e s i g n e d  t o  g a t h e r  p h y s i c a l  s u r v e y  
d a t a  on t h e  i n t e r i o r  o f  a s h i p  and c o n v e r t  t h e  i n f o r m a t i o n  f o r  
u s e  w i t h  a computer -a ided  d e s i g n  s y s t e m .  T h i s  w i l l  p r o v i d e  h igh -  
r e s o l u t i o n  d a t a  f o r  g e n e r a t i n g  g r a p h i c  d i s p l a y s  and " a s  b u i l t "  
d r a w i n g s  o f  s h i p  compar tmen t s  . These  d i s p l a y s  and d r a w i n g s  w i l l  
r e d u c e  t h e  r e q u i r e d  man-hours f o r  d o c u m e n t a t i o n ,  p l a n n i n g  and 
s u p p o r t  o f  t h e  s c h e d u l e d  s h i p y a r d  r e p a i r  a c t i v i t i e s ,  and a l l o w  
f o r  p r e - f a b r i c a t i o n  o f  s t r u c t u r a l  a s s e m b l i e s  t o  b e  i n s t a l l e d  
d u r i n g  o v e r h a u l s .  

The t e c h n i c a l  a p p r o a c h  i n c o r p o r a t e s  a t r ipod-mounted  s c a n n i n g  
s e n s o r  u t i l i z i n g  a l a s e r  p r o j e c t o r  and a  s o l i d  s t a t e  r e c e i v e r .  
The s e n s o r  s c a n s  i n  e l e v a t i o n  and a z i m u t h ,  and g e n e r a t e s  a 
d a t a b a s e  t h a t  is s y n t h e s i z e d  w i t h  s c a n  d a t a  from two 0the.r 
s e n s o r s  ( o r  t h e  same s e n s o r  p l a c e d  i n  s e v e r a l  p o s i t i o n s )  f o r  
c o m p l e t e  360 d e g r e e  th ree-d i . rnens iona1  d a t a  a c q u i s i t i o n .  

P h a s e s  I and I1 of  t h i s  p r o j e c t  have  been  comple t ed  and i n c l u d e  
t h e  d e s i g n ,  d e v e l o p m e n t ,  f a b r i c a t i o n ,  and t e s t i n g  o f  one 
p r o t o t y p e  model.  I n  P h a s e  111, a second s h i p  s e n s o r  u n i t  w i l l  b e  
f a b r i c a t e d ,  and s o f t w a r e  w i l l  b e  d e v e l o p e d  t o  i n c o r p o r a t e  t h e  
d a t a  f rom b o t h  P r o c e s s o r  U n i t s  t o  r e g i s t e r  t h e i r  p o s i t i o n  
r e l a t i v e  t o  e a c h  o t h e r ,  and t o  p r o v i d e  a  r e a l - t i m e  d i s p l a y  
i n d i c a t i n g  t h e  compar tment  a r e a s  t h a t  have  been  s c a n n e d .  

I n  P h a s e  I V ,  a t e c h n i c a l  and e n g i n e e r i n g  a n a l y s i s  w i l l  b e  
c o n d u c t e d  t o  d e t e r m i n e  t h e  p r a c t i c a l i t y  o f  improving  t h e  a c c u r a c y  
o f  t h e  S h i p  Scann ing  s y s t e m  s e n s o r  and a p p l y i n g  i t  t o  t h e  
d i g i t i z i n g  o f  p r o p e l l e r  b l a d e s  on s h i p s  i n  d r y d o c k .  I n  P h a s e  V, 
a t h i r d  s e n s o r  u n i t  w i l l  b e  f a b r i c a t e d  and tested and t h e  
a d d i t i o n a l  s o f t w a r e  d e v e l o p e d  t o  f u r t h e r  p r o c e s s  d a t a  i n t o  t h e  
f o r m a t  r e q u i r e d  f o r  i n p u t  i n t o  a  compu te r - a ided -des ign  (CAD) 
s y s t e m .  F i n a l l y  i n  P h a s e  V I ,  t h e  CAD i n t e r f a c e  f o r  t h e  s h i p y a r d  
r e a d o u t  and d i s p l a y  f u n c t i o n  w i l l  b e  d e v e l o p e d  and t e s t e d .  



S H I P  SURFACE SCANNER 

AZIHmE 
AXIS VISION 

SENSOR ASSEMBLY 

0 DESIGNED TO GATHER SURVEY DATA ON I N T E R I O R  OF S H I P  AND 
CONVERT FOR USE W I T H  COMPUTER-AIDED-DESIGN SYSTEM 

0 PROVIDE DATA TO GENERATE "AS B U I L T U  DRAWINGS 

8 TECHNICAL  APPROACH: 

- TRIPOD-MOUNTED SENSOR SCANS E L E V A T I O N  AND AZ IMUTH - PROVIDES 360 DEGREE 3 - D  DATA A Q U I S I T I O N  

8 DESIGN, DEVELOPMENT, F A B R I C A T I O N  AND T E S T I N G  OF F I R S T  
PROTOTYPE COMPLETE 



PROJECT REVIEW: REPAIR AND MAINTENANCE 

NAVAL ORDNANCE 

The M a n u f a c t u r i n g  Technology  D i v i s i o n  o f  t h e  Naval  Ordnance  
S t a t i o n  (JSAVORDSTA) , Ind  i a n  Head, Maryland ,  h a s  s e v e r a l  r e l a t e d  
p r o j e c t s  u s i n g  r o b o t i c s  and au toma ted  s y s t e m s  t o  s u p p o r t  
o p e r a t i o n s  d e s i g n e d  t o  rework C a r t r i d g e  A c t u a t e d  D e v i c e s ,  used 
p r i m a r i l y  i n  a i r c r e w  e s c a p e  s y s t e m s .  T h i s  M a n u f a c t u r i n g  
Technology  p r o j e c t  is  b e i n g  c o n d u c t e d  u n d e r  t h e  d i r e c t i o n  of 
Glenn Campbel l ,  Code 5111, i n  s u p p o r t  o f  NAVAIR and t h e  U.S. A i r  
F o r c e .  

The p r o c e s s  i n v o l v e s  t h e  d i s a s s e m b l y  and removal  o f  t h e  c a r t r i d g e  
(which  c o n t a i n s  Class  I11 e x p l o s i v e s ) ,  t h e  r e f u r b i s h m e n t  o f  m e t a l  
p a r t s ,  and t h e  r e a s s e m b l y  o f  t h e  C a r t r i d g e  A c t u a t e d  D e v i c e .  The 
f o u r  w o r k s t a t i o n s  used  i n  t h e  p r o c e s s  a r e  d e s c r i b e d  below.  

w l y . & i s a a e & l y  w ~ d & a f I ~ n  - T h i s  works t a t  i o n  w i l l  p r o v i d e  
a u t o m a t i c  l o a d i n g  , assembly /d  i s a s s e m b l y  and u n l o a d i n g  o f  
C a r t r i d g e  A c t u a t e d  D e v i c e s  f o r  rework .  The C a r t r i d g e  A c t u a t e d  
D e v i c e  is  f e d  i n t o  t h e  w o r k s t a t i o n ,  where i t  is d i s a s s e m b l e d ,  t h e  
c a r t r i d g e  removed, and r e a s s e m b l e d  a f  t e r  r ework ,  The p r o j e c t  
s t a r t  d a t e  was i n i t i a l l y  s e t  f o r  A p r i l  1 9 8 5  w i t h  ha rdware  
d e l i v e r y  s c h e d u l e d  f o r  A p r i l  1986.  Comple t ion  o f  t h e  p r o t o t y p e  
was p l a n n e d  f o r  J u n e  1986.  The ha rdware  s p e c i f i c a t i o n  and 
p r o c u r e m e n t  a c t i o n s  have  n o t  been  c o m p l e t e d ,  however ,  d u e  t o  
fund i n g  d e l a y s .  

&&&ug& m-fim hr-ksi~~efi - The R e s i d u a l  Magnet ism 
W o r k s t a t i o n  is an  e f f o r t  d e s i g n e d  t o  r e p l a c e  a  h i g h l y  l a b o r  
i n t e n s i v e  d e m a g n e t i z a t i o n  and i n s p e c t i o n  p r o c e d u r e .  I t  w i l l  
p r o v i d e  a u t o m a t i c  d e m a g n e t i z a t i o n ,  m a g n e t i z a t i o n  t e s t i n g ,  and 
u n l o a d i n g  o f  t h e  reworked C a r t r i d g e  A c t u a t e d  D e v i c e s .  The 
p r o j e c t  is  c u r r e n t l y  i n  t h e  p r o c u r e m e n t  s t a g e ,  w i t h  t h e  d e s i g n  o f  
t h e  d e m a g n e t i z a t i o n  p r o c e s s  t h e  i n i t i a l  s t e p  i n  a  phased  
deve lopmen t  app roach .  

W L~aBing ,RS)bk - The P a r t s  Loading Robot , c u r r e n t l y  i n  
o p e r a t i o n  a t  t h e  Naval  Ordnance  S t a t i o n ,  is a  pneumat i c  r o b o t  
used f o r  l o a d i n g  e x i s t i n g  reworked o p e r a t i o n a l  equ ipmen t  i n  t o  t h e  
d e b u r r i n g  s t a t i o n .  I t  i s  used  p r i m a r i l y  f o r  t h e  l o a d i n g  and 
u n l o a d i n g  o f  t h e  l a r g e r  l o t  s i z e s  which v a r y  f rom a p p r o x i m a t e l y  
50 t o  5000 p i e c e s .  

%& G b m g  E & f r i ~  Sy-a - NAVORDSTA i s  p l a n n i n g  a  r o b o t i c  
s y s t e m  s p e c i f i c a l l y  f o r  a u t o m a t i c  t h r e a d  c h a s i n g  and i n s p e c t i o n  
of reworked C a r t r i d g e  A c t u a t e d  D e v i c e s .  A f e a s i b i l i t y  s t u d y  h a s  
been  comple t ed  and a n  RFP h a s  been  g e n e r a t e d .  



NAVAL ORDNANCE REFURBISHMENT 

@ ROBOTICS AND AUTOMATED SYSTEMS SUPPORT FOR REWORK OF 
CARTRIDGE ACTUATED DEVICES 

@ PROCESS INCLUDES: 

- DISASSEMBLY OF CARTRIDGE ACTUATED DEVICE 
- REMOVAL OF CARTRIDGE CONTAINING CLASS I11 EXPLOSIVES 
- REFURBISHMENT OF METAL PARTS 
- REASSEMBLY 

0 FOUR WORKSTATIONS: 

- ASSEMBLY/DISASSEMBLY WORKSTATION: -- AUTOMATIC LOADING, ASSEMBLY/DISASSEMBLY AND 
UNLOADING -- CONCEPTUAL DESIGN COMPLETE 

- RESIDUAL MAGNETISM WORKSTATION: -- REPLACES LABOR I N T E N S I V E  INSPECTION 
- - AUTOMATIC DEMAGNETIZATION, MAGNETIZATION TESTING,  

AND UNLOADING -- PROJECT I N  PROCUREMENT STAGE 

- PARTS LOADING ROBOT: 
-- PNEUMATIC ROBOT CURRENTLY I N  OPERATION 
-- P R I M A R I L Y  USED FOR LOADING AND UNLOADING 

DEBURRING STATION 

- ROBOTIC SYSTEM DESIGNED FOR: -- AUTOMATIC THREAD CHASING 
-- INSPECTION 



PROJECT REVIEW: REPAIR AND MAINTENANCE 

NAVAL ORDNANCE 

Robot ic  V i s i o n  I n s p e c t i o n  System 

The i n s p e c t i o n  o p e r a t i o n  a t  t h e  Naval Ordnance S t a t i o n  
(NAVORDSTA), I n d i a n  Bead, MD, p r o c e s s e s  a p p r o x i m a t e l y  3,000 l o t s  
of s m a l l  p a r t s  p e r  y e a r  u s i n g  a  p r i m a r i l y  manual p r o c e s s .  Sample 
s i z e s  r ange  from 1 t o  150 p i e c e s ,  and c e r t a i n  c r i t i c a l  p a r t s  c a l l  
f o r  100% i n s p e c t  i o n .  

The Robot ic  V i s i o n  I n s p e c t i o n  System is d e s i g n e d  t o  p r o v i d e  
a u t o m a t i c  i n s p e c t i o n  of  t h e  incoming m e t a l  p a r t s  f o r  u s e  i n  
assembly o p e r a t i o n s  a t  NAVORDSTA. The e f f o r t  , managed by Eugene 
S t e f k o ,  NAVORDSTA Code 604, was i n i t i a t e d  i n  J a n u a r y  1985 and t h e  
Phase  I F e a s i b i l i t y  S tudy  was completed by RVSI d u r i n g  1985. 
P l a n s  a r e  p r o c e e d i n g  f o r  procurement  i n  FY 87. 

A f e a s i b i l i t y  s t u d y  w i l l  b e  i n i t i a t e d  i n  J u l y  1986 t o  i n v e s t i g a t e  
i n t e g r a t i n g  t h e  Robot ic  V i s i o n  I n s p e c t i o n  System w i t h  a r e a l - t i m e  
X-ray c a p a b i l i t y .  The f i n a l  phase  w i l l  i n c o r p o r a t e  t h e  a b i l i t y  
t o  g e n e r a t e  e n g i n e e r i n g  d rawings  from sample p a r t s .  

The Robot ic  V i s i o n  I n s p e c t i o n  System w i l l  b e  c a p a b l e  o f  
i n s p e c t i n g  p a r t s  i n  a 2.5 f t .  x 2.5 f t .  x  2.5 f t .  e n v e l o p e .  The 
p a r t  s u p p o r t i n g  s u r f a c e  p l a t e  and i t s  s t r u c t u r e  w i l l  b e  r i g i d  
enough t o  s u p p o r t  heavy boxes and t h e  sys tem s h a l l  be o p e r a t e d  i n  
envi ronments  s i m i l a r  t o  t h o s e  i n  machine shops  and 
s h i p p i n g / r e c e i v i n g  rooms. The normal a c c u r a c y  of t h e  sys tem w i l l  
b e  0.001 i n c h  w i t h i n  a  6  i n c h  s p h e r i c a l  r a d i u s  and an a d d i t i o n a l  
0.001 i n c h  p e r  1 2  i n c h e s  i n  d i s t a n c e .  A h i g h  a c c u r a c y  mode 
p r o v i d i n g  t a r g e t  r e s o l u t i o n  of  .0001 i n c h  s h a l l  be s o u g h t  f o r  
d imens ions  of  6 i n c h e s  o r  less. The sys tem s h a l l  measure a l l  
e x t e r n a l  s u r f a c e s ,  and i n t e r n a l  s u r f a c e s  t o  a  d e p t h  of one-hal f  
t h e  d i a m e t e r  of t h e  open ing ,  and be a b l e  t o  s c a n  a  4 i n .  x 4 i n .  
x 4 i n .  p a r t  i n  2 minu tes  o r  less.  



R O B O T I C  V I S I O N  I N S P E C T I O N  S Y S T E M  
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NAVAL ORDNANCE 

MK-27 Fuze  I n s p e c t i o n  Sys tem 

The Naval  Weapons S t a t i o n ,  Concord ,  CA is d e v e l o p i n g  a r o b o t i c  
i n s p e c t i o n  s y s t e m ,  u s i n g  a " p i c k  and p l a c e "  r o b o t  and a n  X-ray 
imaging s y s t e m ,  t o  i n s p e c t  MK-27 F u z e s  i n  b a t c h e s .  T h i s  
p r o c e d u r e  d e c r e a s e s  t h e  o v e r a l l  i n s p e c t i o n  time by  r e d u c i n g  t h e  
number o f  times t h e  X-ray e n c l o s u r e  must  be e n t e r e d ,  and t h e  
number o f  times t h e  i n s p e c t e d  items must  b e  i n d i v i d u a l l y  
h a n d l e d .  The r o b o t  is a p n e u m a t i c  f o u r - a x i s  u n i t  d r i v e n  by an  
80-120 PSI  s h o p  a i r  s u p p l y .  I t  is  suspended  above  a  s t e p p i n g  
motor  d r i v e n  X-ray t a b l e  w i t h  a r o t a r y  p l a t f o r m  p o s i t i o n e d  i n  
f r o n t  o f  t h e  imaging s c r e e n .  Two r a c k s  ( a c c e p t e d  and r e j e c t e d )  
a r e  u sed  t o  ho ld  t h e  i n s p e c t e d  items. 

Items a r e  i n i t i a l l y  p o s i t i o n e d  i n  t h e  e n c l o s u r e  on a t r a y  
c o n t a i n i n g  32 u n i t s .  The X-ray t a b l e  o r i e n t s  t h e  item a t  t h e  
r o b o t ' s  p ick-up  p o i n t .  The r o b o t  t h e n  sets t h e  item on t h e  
r o t a r y  p l a t f o r m .  The item is X-rayed a n d ,  d e p e n d i n g  on t h e  
d e c i s i o n ,  t h e  r o b o t  removes t h e  item from t h e  r o t a r y  p l a t f o r m  and 
p l a c e s  i t  i n  t h e  a c c e p t  o r  re ject  r a c k .  The r o b o t  u s e s  two 
g r i p p e r s  and p i c k s  up  one  item w h i l e  a n o t h e r  i s  b e i n g  i n s p e c t e d .  

The p r o j e c t  was i n i t i a t e d  i n  September  1 9 8 5 ,  w i t h  an  e s t i m a t e d  
c o m p l e t i o n  d a t e  o f  F e b r u a r y  1987 .  The  p r o j e c t  manager i s  James 
P r i n d i v i l l e ,  Naval  Weapons S t a t i o n ,  Code 334 ,  Concord ,  CA. 

I n f r a r e d  T e s t  Sys t em 

The Naval  Weapons S u p p o r t  C e n t e r ,  C r a n e ,  I N ,  is d e v e l o p i n g  a n  
I n f r a r e d  T e s t  Sys tem which m e a s u r e s  and r e c o r d s  p e r f o r m a n c e  
p a r a m e t e r s  o f  v a r i o u s  d e c o y  f l a r e s  b e i n g  e v a l u a t e d  f o r  
p r o d u c t i o n  a c c e p t a n c e .  The r o b o t i c  s y s t e m  employed w i l l  l o a d  t h e  
f l a r e s  i n t o  t e s t  f i x t u r e s .  T n i t i a t e d  i n  A p r i l  1985, t h e  e s t i m a t e d  
c o m p l e t i o n  d a t e  is December 1986 .  The p o i n t  o f  c o n t a c t  f o r  t h e  
p r o j e c t  is Jack Kramer, Code 30232. 



N A V A L  ORDNANCE 

M K - 2 7  F U Z E  I N S P E C T I O N  SYSTEM 

N A V A L  WEAPONS S T A T I O N ,  CONCORD, I S  D E V E L O P I N G  A BATCH 

I N S P E C T I O N  SYSTEM TO I N S P E C T  M K - 2 7  F U Z E S  

I N I T I A T E D  I N  SEPTEMBER 1985 

THE SYSTEM I N C L U D E S :  

- A P N E U M A T I C  F O U R - A X I S  ROBOT 

- AN X-RAY I M A G I N G  SYSTEM 

THE PROCEDURE R E S U L T S  I N :  

- REDUCED H A N D L I N G  T I M E  

- DECREASED I N S P E C T I O N  T I M E  

E S T I M A T E D  C O M P L E T I O N  DATE  I S  FEBRUARY 1987 

I N F R A R E D  T E S T  SYSTEM 

UNDER DEVELOPMENT B Y  N A V A L  WEAPONS SUPPORT CENTER, 

CRANE 

MEASURES AND RECORDS PERFORMANCE PARAMETERS OF DECOY 

F L A R E S  

PROJECT  I N I T I A T E D  - A P R I L  1985 

E S T I M A T E D  C O M P L E T I O N  DATE - DECEMBER 1986 
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EXPLOSIVE ORDNANCE DISPOSAL 

F o r  o v e r  t e n  y e a r s ,  Nava l  E x p l o s i v e  Ordnance  D i s p o s a l  Technology  
C e n t e r  (NAVEODTECHCEN) , I n d i a n  Head, MD, h a s  had a n  ongo ing  
program t o  d e v e l o p  r e m o t e  c o n t r o l  and t e l e o p e r a t e d  s y s t e m s  f o r  
n e u t r a l i z i n g  e x p l o s i v e  d e v i c e s .  The p rog ram is c o n c e r n e d  w i t h  
l a n d -  and s h i p - b a s e d  s y s t e m s  a s  wel l  a s  u n d e r w a t e r  s y s t e m s .  

The EOD l and -based  e f f o r t s  a r e  managed by  CDR S t a n  Denham, SEA 
0696, and are u n d e r  t h e  t e c h n i c a l  d i r e c t i o n  of J o h n  E. B u t l e r ,  
Head, M e c h a n i c a l  E n g i n e e r i n g  , NAVEODTECHCEN. These  p r i m a r i l y  
t e l e o p e r a t e d  s y s t e m s  d e s i g n e d  t o  e n h a n c e  EOD c a p a b i l i t i e s ,  
i n c l u d e :  

Remotely  O p e r a t e d  V e h i c l e  f o r  Emplacement and 
R e c o n n a i s s a n c e  (ROVER) 

Semi-Autonomous Mob i l e  Sys tem f o r  Ordnance  
N e u t r a l i z a t i o n  (SAMSON) 

Remote C o n t r o l  R e c o n n a i s s a n c e  Mon i to r  (ReCoRM) 
Remote I n t e r f a c e  Concep t  
Heavy Equipment  Remote C o n t r o l  (HERC) Sys tem 
Engl i s h  Language Robot Communication (RORCOM) 
3-D Vision--Human O p e r a t o r s  
Guided R o b o t i c  D i s a s s e m b l y  Sys tem (GRIDS) 
S u r f a c e / ~ u b s u r f a c e  C l e a r a n c e  V e h i c l e  (SSCV) 
B o r e h o l e  L o c a t i o n / D e t e c t i o n  Sys tem 

NAVEODTECHCEN h a s  two p r o j e c t s  underway t o  d e v e l o p ,  e v a l u a t e ,  and 
f i e l d  test r e m o t e  c o n t r o l l e d  u n d e r w a t e r  p l a t f o r m s  f o r  l o c a t i n g  
and n e u t r a l i z i n g  e x p l o s i v e  o b j e c t s .  The s y s t e m s  i n c l u d e :  

(1) The Advanced Development  Remotely  C p e r a t e d  V e h i c l e  (ADROV) 
( 2 )  PLUTO 

Each s y s t e m  i s  d e s i g n e d  t o  b e  o p e r a t e d  f rom s m a l l  b o a t s  by EOD 
p e r s o n n e l .  J o h n  J .  P e n n e l l a ,  Head, Underwater  P r o j e c t  D i v i s i o n ,  
manages t h e  t e c h n i c a l  deve lopmen t  e f f o r t  o f  ADROV and PLUTO. 
ADROV is s p o n s o r e d  by SEA 06G6 (LCDR C.  B e r n i e r ) .  PLUTO is 
s p o n s o r e d  by  SEA 06G6 (CDR S t a n  Denham) . 



E X P L O S I V E  ORDNANCE D I S P O S A L  

LAND-  AND S H I P - B A S E D  SYSTEMS 

REMOTELY OPERATED V E H I C L E  FOR EMPLACEMENT AND 
RECONNAISSANCE (ROVER)  

SEMI-AUTONOMOUS M O B I L E  SYSTEM FOR ORDNANCE N E U T R A L I Z A T I O N  
(SAMSON) 

REMOTE CONTROL RECONNAISSANCE MONITOR ( R e C o R M )  

REMOTE I N T E R F A C E  CONCEPT 

REMOTELY OPERATED M O B I L E  EXCAVATOR (ROME) 

HEAVY E Q U I P M E N T  REMOTE CONTROL (HERC)  SYSTEM 

E N G L I S H  LANGUAGE ROBOT C O M M U N I C A T I O N  (ROBCOM) 

3 - D  V I S I O N - - H U M A N  OPERATORS 

G U I D E D  R O B O T I C  D I S A S S E M B L Y  SYSTEM ( G R I D S )  

SURFACEISUBSURFACE CLEARANCE V E H I C L E  ( S S C V )  

BOREHOLE L O C A T I O N I D E T E C T I O N  SYSTEM 

UNDERWATER SYSTEMS 

ADVANCED OEVELOPMENT REMOTELY OPERATED V E H I C L E  (ADROV)  

P L U T O  



PROJECT REVIEW: OPERATIONS 

EXPLOSIVE ORDNANCE DISPOSAL 

Remotely Opera ted  V e h i c l e  f o r  Emplacement and Reconnaissance  

The Remotely Operated V e h i c l e  f o r  Emplacement and Reconnaissance  
(ROVER) is a  NAVEODTECHCEN program t o  d e v e l o p  a  low c o s t ,  
t e l e o p e r a t e d  v e h i c l e  f o r  u s e  by EOD p e r s o n n e l  i n  n e u t r a l i z i n g  
unexploded ordnance  a t  a  s a f e  s t a n d o f f  d i s t a n c e ,  and f o r  
conduc t ing  r e c o n n a i s s a n c e .  ROVER h a s  t h e  c a p a b i l i t y  t o  b e  
c o n t r o l l e d  by b o t h  r a d i o  and c a b l e ,  w i t h  an onboard v i d e o  camera 
p r o v i d i n g  v i s u a l  feedback t o  t h e  remote o p e r a t o r .  Most of  t h e  
c o n t r o l  f u n c t i o n s  a r e  mic roprocessor -based .  ROVER is a  450 pound, 
b a t t e r y  powered v e h i c l e ,  equipped w i t h  a  n i n e  f o o t  e x t e n d i n g  arm 
and a  t h r e e  degree-of- f reedom g r i p p e r .  I t  h a s  a  two-to-four hour 
o p e r a t i o n a l  endurance .  

ROVER h a s  emerged a s  a  r e s u l t  of t echno logy  developed over  t h e  
p r e v i o u s  t en -year  p e r i o d .  I n  F Y  83, a t r a n s f e r  t o  6.3 o c c u r r e d ,  
and F o s t e r  M i l l e r  was awarded a c o n t r a c t  t o  p roduce  t h r e e  
advanced development  ROVER u n i t s .  The f i r s t  p r o t o t y p e  was 
d e l i v e r e d  i n  A p r i l  1985,  and is  c u r r e n t l y  i n  t h e  t e c h n i c a l  
e v a l u a t i o n  s t a g e .  I n i t i a l  tests  were conducted  by t h e  
c o n t r a c t o r ,  w i t h  c o n c e n t r a t i o n  on e n v i r o n m e n t a l  and r e l i a b i l i t y  
i s s u e s .  E v a l u a t i o n  c o n t i n u e s  a t  NAVEODTECHCEN, w i t h  c u r r e n t  
e f f o r t s  c o n c e n t r a t e d  on m i s s i o n  p r o f i l e  t e s t i n g .  

During F Y  85, an EOD R o b o t i c s  Workshop was conducted  t o  i d e n t i f y  
f a m i l i e s  of  a p p l i c a t i o n s  u s i n g  ROVER a s  t h e  b a s i c  p l a t f o r m .  
I d e n t i f i c a t i o n  o f  t h e  l o g i s t i c s  and documenta t  ion  packages  is 
underway, w i t h  two a d d i t i o n a l  u n i t s  p lanned f o r  d e l i v e r y  i n  
FY 86. 



REMOTELY OPERATED V E H I C L E  FOR EMPLACEMENT AND RECONNAISSANCE 
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EXPLOSIVE ORDNANCE DISPOSAL 

NAVEODTECHCEN h a s  j o i n t  s e r v i c e  r e s p o n s i b i l i t y  f o r  r e s e a r c h  i n  
t h e  a r e a  of  E x p l o s i v e  Ordnance D i s p o s a l ,  and is working on 
s e v e r a l  EOD p r o j e c t s  of i n t e r e s t  t o  t h e  U.S. A,rmy. 

Semi-Autonomous Mobile  System f o r  Ordnance N e u t r a l i z a t i o n  

The Semi-Autonomous Mobile  System f o r  Ordnance N e u t r a l i z a t i o n  
(SAMSON), f o r m e r l y  r e f e r r e d  t o  a s  t h e  Remote Ordnance 
N e u t r a l i z a t i o n  Device  (RCN-Dl, is one of t h e s e  e f f o r t s .  SAMSON, 
a FY 65 RDT&E n e w - s t a r t ,  i s  a r emote -con t ro l l ed  mobi le  p l a t f o r m  
a p p l y i n g  a t e c h n i c a l  approach s i m i l a r  t o  ROVER. SAMSON, however, 
i n c o r p o r a t e s  enhanced s e n s o r y  and m a n i p u l a t i o n  c a p a b i l i t i e s  n o t  
found i n  ROVER. A s i x  degree-of-freedom m a n i p u l a t o r  w i l l  b e  used 
t o  o p e r a t e  onboard t o o l  s u i t e s  c u r r e n t l y  be ing  i d e n t i f i e d  and 
des igned  f o r  EOD f u n c t i o n s .  SAMSON w i l l  b e  an e l e c t r i c a l l y  
powered v e h i c l e ,  and b o t h  wheeled and t r a c k e d  v e r s i o n s  a r e  be ing  
i n v e s t i g a t e d .  

Remote C o n t r o l  Reconnaissance  Monitor  

The Remote C o n t r o l  Reconnaissance  Monitor  (ReCoRM) r e p r e s e n t s  
a n o t h e r  j o i n t  s e r v i c e  EOD p r o j e c t  underway a t  NAVEODTECHCEN t h a t  
is  of  i n t e r e s t  t o  t h e  U .  S. Army. R e C o R M ,  a new s t a r t  i n  F Y  85, 
w i l l  emphasize t r a n s m i s s i o n  of  s e n s o r  d a t a .  I t  is in tended  t o  b e  
a  h i g h l y  p o r t a b l e ,  v e r s a t i l e  and economic ground r e c o n n a i s s a n c e  
and moni to r ing  v e h i c l e  w i t h  o p t i o n a l  r a d i o  o r  c a b l e  c o n t r o l .  
ReCoRM w i l l  b e  a  one-man p o r t a b l e ,  r emote -con t ro l  p l a t f o r m  
c a r r y i n g  a CCTV camera. and o t h e r  s e n s o r s  a p p r o p r i a t e  t o  t h e  t a s k .  
I t  d o e s  n o t  i n c l u d e  a m a n i p u l a t o r .  F Request  f o r  P r o p o s a l  (RFP) 
is c u r r e n t l y  i n  p r o c e s s  f o r  t h i s  e f f o r t .  



SEMI-AUTONOMOUS M O B I L E  SYSTEM FOR 
ORDNANCE N E U T R A L I Z A T I O N  

O FY 85 RDT&E NEW START - A J O I N T  SERVICE PROJECT 

0 REMOTE CONTROL MOBILE PLATFORM: 

- TECHNICAL APPROACH S I M I L A R  TO ROVER 
- POSSESSES ENHANCED SENSOR AND M A N I P U L A T I O N  

C A P A B I L I T I E S  
- S I X  DEGREE-OF-FREEDOM MANIPULATOR 

@ ELECTRICALLY POWERED 

@ WHEELED AND TRACKED VERSIONS B E I N G  I N V E S T I G A T E D  
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Remote I n t e r f a c e  Concepts  

NAVEODTECHCEN is d e v e l o p i n g  v a r i o u s  c l a s s e s  of  t o o l s  and d e v i c e s  
f o r  u s e  on remote ly  c o n t r o l l e d  v e h i c l e s .  The Remote I n t e r f a c e  
Concept is an  e f f o r t  modifying e x i s t i n g  i n f o r m a t i o n  g a t h e r i n g  
sys tems  i n t o  modular components f o r  o p e r a t i o n  on p l a t f o r m s  such  
a s  t h e  Remotely Opera ted  V e h i c l e  f o r  Emplacement and 
Reconnaissance  (ROVER).  The purpose  is t o  improve s a f e t y  and 
e f f e c t i v e n e s s  of  EOD o p e r a t i o n s  by remote ly  d e p l o y i n g  and 
o p e r a t i n g  i n t e l l i g e n c e  g a t h e r i n g  equipment .  

Under a  VSE C o r p o r a t i o n  s u b c o n t r a c t  t o  Eng inee r ing  Technology, 
I n c . ,  PDR-56, PDR-43E and PDR-27R r a d i a t i o n  d e t e c t i o n  d e v i c e s ,  an 
M 1 8  c h e m i c a l  a g e n t  d e t e c t i o n  k i t ,  and a  MK 32 MOD 0 X-ray k i t  
w i l l  b e  adap ted  f o r  i n s t a l l a t i o n  and remote o p e r a t i o n  on ROVER. 
The c o n t r a c t o r ' s  r e s p o n s i b i l i t i e s  a r e  t o  c o l l e c t  and review 
p e r t i n e n t  t e c h n i c a l  d a t a ,  i n c l u d i n g  ROVER i n t e r f a c e  s p e c i f  ica- 
t i o n s ,  fo l lowed by d e s i g n  and f a b r i c a t i o n  of p r o t o t y p e  modular 
a c c e s s o r i e s .  (A  modular a c c e s s o r y  c o n s i s t s  of t h e  c u r r e n t  hand- 
he ld  manual ly-opera ted  k i t ,  and i n t e r f a c e  components r e q u i r e d  
f o r  a d a p t a t i o n  of  an  unmodif ied k i t  t o  t h e  v e h i c l e . )  Once 
adap ted  t o  t h e  v e h i c l e ,  t h e  modular a c c e s s o r y  must b e  c a p a b l e  of  
remote a c t i v a t i o n  and remote d e t e c t i o n  of  r e s u l t s .  

The e f f o r t  i s  schedu led  f o r  comple t ion  i n  F Y  86 and i n c l u d e s  
s u p p o r t  f o r  hardware and sys tem d e m o n s t r a t i o n s .  An i n t e r n a l  EOD 
r o b o t i c s  workshop he ld  a t  NAVEODTECHCEN i d e n t i f i e d  t h e  
requ i rement  f o r  s p e c i f i c  t o o l  a c c e s s o r i e s ,  such  a s  a  h igh-  
powered, high-torque-producing r o c k e t  wrench, which w i l l  r e d u c e  
t h e  need t o  have EOD p e r s o n n e l  i n  hazardous  env i ronments .  (Rocke t  
wrenches and o t h e r  r e l a t e d  t o o l s  a r e  used t o  d e f u s e ,  
i n t e n t i o n a l l y  d e t o n a t e ,  o r  o t h e r w i s e  d i s a b l e  ordnance  .) When 
a t t a c h e d  t o  a  remote ly-opera ted  v e h i c l e  l i k e  ROVER, t h o s e  t o o l s  
a l l o w  t h e  human o p e r a t o r  t o  comple te  h i s  EOD miss ion  from a more 
s e c u r e  l o c a t i o n .  



REMOTE I N T E R F A C E  CONCEPTS 

@ O B J E C T I V E :  TO DEVELOP MODULAR, REMOTELY OPERATED 

I N T E L L I G E N C E  GATHERING ACCESSORIES FOR ROVER BASED ON 

CURRENTLY F I E L D E D ,  HAND-HELD SYSTEMS 

0 PURPOSE: IMPROVE THE SAFETY AND E F F E C T I V E N E S S  OF EOD 

OPERATIONS 

@ SYSTEMS TO BE M O D I F I E D :  

- PDR-56,  PDR-43E  AND PDR-27R R A D I A T I O N  DETECTION 

D E V I C E S  

- M 1 8  CHEMICAL AGENT DETECTION K I T  

- MK 3 2  MOD O X-RAY K I T  

@ FY 8 5  EVENTS: 

- CONTRACT AWARDED 

- NAVEODTECHCEN ROBOTICS WORKSHOP 



PROJECT REVIEW: OPERATIONS 

EXPLOSIVE ORDNANCE DISPOSAL 

Remotely Opera ted  Mobile  Excavator  

The Remotely Opera ted  Mobile  Excavator  (ROME) was developed f o r  
NAVEODTECHCEN i n  1983 by F o s t e r  Miller.  I t s  p r imary  purpose  is 
t o  p r o v i d e  a  rapid-deployment 6 0 D  c a p a b i l i t y  t o  enhance  a i r  b a s e  
s u r v i v a b i l i t y .  ROME p r o v i d e s  r a p i d  removal of  unexploded 
ordnance  embedded i n  runways and s u p p o r t s  Base r e c o v e r y  a f t e r  
a t t a c k .  I t  is a l s o  u s e f u l  i n  r a n g e  c l e a r a n c e  work, an 
i n c r e a s i n g l y  i m p o r t a n t  a c t i v i t y  a s  former  government test  s i t e s  
and gunnery  r a n g e s  a r e  r ec la imed  f o r  o t h e r  u s e s .  

ROME, a 1 0 0 , 0 0 0  pound v e h i c l e ,  uses a  S tandard  Manufactur ing  
Company u n d e r c a r r i a g e  employing a  Koehring Company e x c a v a t o r ,  
w i t h  a n  extended boom and c o n c r e t e  b r e a k e r .  I n  o r d e r  t o  p r o v i d e  
s a f e  s t a n d o f f  d i s t a n c e ,  t h e  o p e r a t o r  is  s t a t i o n e d  i n  an armored 
p e r s o n n e l  c a r r i e r ,  o p e r a t i n g  t h e  sys tem remote ly  th rough  a 
t e t h e r e d  l i n k  w i t h  a take-up c a p a b i l i t y ,  a t  d i s t a n c e s  up t o  
70  meters. The o p e r a t o r  i s  equipped w i t h  two v i d e o  m o n i t o r s  and 
c a n  select v i d e o  from m u l t i p l e  cameras .  Audio feedback i s  a l s o  
a v a i l a b l e .  During remote  o p e r a t i o n ,  ROME o p e r a t e s  a t  90% of i t s  
normal o p e r a t i n g  e f f i c i e n c y  . 
In£ ormal e v a l u a t i o n s  o f  ROME a r e  c o n t i n u i n g  under a c t u a l  working 
c o n d i t i o n s  a t  China Lake and E g l i n  AFB. Follow-on e f f o r t s  t o  
p r o v i d e  sys tem enhancements  a r e  c u r r e n t l y  be ing  i n v e s t i g a t e d .  



REMOTELY OPERATED M O B I L E  EXCAVATOR 

1 

@ PURPOSE: 

- R A P I D  REMOVAL OF UNEXPLODED ORDNANCE FROM RUNWAYS 
- RANGE CLEARANCE 
- RECOVERY OF S P E C I A L  T E S T  I T E M S  

@ CHARACTERIST ICS:  

- HYDRAULICALLY ACTUATED 
- REMOTELY OPERATED FROM ARMORED PERSONNEL CARRIER - - 7 0  METER STANDOFF 

-- TWO V I D E O  MONITORS, M U L T I P L E  CAMERAS 
- EMPLOYS EXTENDED BOOM AND CONCRETE BREAKER 
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EXPLOSIVE ORDNANCE DISPOSAL 

Heavy E q u i p m e n t  Remote  C o n t r o l  S y s t e m  

The Heavy Equipment  Remote C o n t r o l  (HERC) s y s t e m  was d e s i g n e d  t o  
p r o v i d e  a  r emote  o p e r a t o r  c a p a b i l i t y  t o  a  v a r i e t y  o f  v e h i c l e s ,  
p a r t i c u l a r l y  t h o s e  used  i n  c l e a r i n g  e x p l o s i v e  o r d n a n c e  f rom 
f i r i n g  and test r a n g e s .  HERC was d e v e l o p e d  w i t h  M i l i t a r y  
C o n s t r u c t i o n  f u n d i n g  by  Ba t t e l l e -Co lumbus  L a b o r a t o r i e s  and 
c o n s i s t s  o f  a basic c o n t r o l  s y s t e m  t h a t  c a n  b e  mounted on a 
v a r i e t y  o f  heavy  equ ipmen t ,  p r o v i d i n g  t h e  human o p e r a t o r  a 
s t a n d o f f  c o n t r o l  c a p a b i l i t y .  

T h i s  s y s t e m  h a s  been  tested on e i g h t  v e h i c l e  c l a s s e s ,  r a n g i n g  
f rom a back-hoe t o  a  t a n k .  The c o n t r o l  c o n s o l e  c a n  b e  hand- 
c a r r i e d ,  and t h e  s y s t e m  a c t u a t o r s  a r e  c o n n e c t e d  d i r e c t l y  t o  t h e  
m e c h a n i c a l  c o n t r o l s  of  t h e  v e h i c l e .  I n i t i a l l y  d e v e l o p e d  u s i n g  
1980 t e c h n o l o g y ,  t h e  r emote  o p e r a t i o n  a c h i e v e s  50% o f  no rma l  
v e h i c l e  e f f i c i e n c y .  

P r o d u c t  enhancemen t s ,  i n c l u d i n g  improved r e 1 i a b i l . i  t y  , smaller 
s y s t e m  d e s i g n ,  l o n g e r  r a n g e  and l o w e r  c o s t s ,  a r e  b e i n g  
i n v e s t i g a t e d .  A c o n t r a c t  h a s  been  awarded t o  G r i f f i t h s  
I n t e r n a t i o n a l  C o r p o r a t i o n  t o  i n s t a l l  a  HERC s y s t e m  on a  
government  f u r n i s h e d  b u l l d o z e r ,  t h e  C a t e r p i l l a r  D7-F.  No major  
t e c h n o l o g i c a l  r i s k s  a r e  a n t i c i p a t e d .  The f u t u r e  e f f o r t  w i l l  b e  
d i r e c t e d  toward f i e l d i n g  t h e  s y s t e m ,  w i t h  emphas i s  on u n i t  c o s t  
r e d u c t i o n  and s t a n d a r d i z i n g  components  f o r  u s e  on a v a r i e t y  o f  
heavy  equ ipmen t .  



HEAVY E Q U I P M E N T  REMOTE CONTROL SYSTEM 

H E X  MOUNTED CN A BEAVY DUTY FOIUC LIFT, ONE OF MANY APPLICATIONS. 

C H A R A C T E R I S T I C S  AND PERFORMANCE GOALS 

REMOTE OPERATOR C A P A B I L I T Y  FOR V E H I C L E S  OF 
O P P O R T U N I T Y  

0 NO S P E C I A L  L O G I S T I C S  OR T R A I N I N G  R E Q U I R E M E N T S  

C O N T I N U O U S  O P E R A T I N G  T I M E  NOT L E S S  THAN FOUR HOURS 

O P E R A T I N G  RANGE NOT L E S S  THAN 6 , 0 0 0  F E E T  

0 W E I G H T  NOT MORE THAN 300 POUNDS 
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EXPLOSIVE ORDNANCE DISPOSAL 

E n g l i s h  Language Robot Communication 

One o f  s e v e r a l  a r e a s  of  g e n e r i c  i n t e r e s t  be ing  pursued by 
NAVEODTECHCEN is t h e  s u p p o r t  o f  ongoing work a t  George Washington 
U n i v e r s i t y  t o  d e v e l o p  an  E n g l i s h  Language Robot Communication 
(ROBCOM) c a p a b i l i t y .  T h i s  work is be ing  performed by P r o f e s s o r  
P e t e r  Bock, and is an outgrowth of  a n  RDT&E 6.1 e f f o r t  co-  
sponsored  by t h e  N a t i o n a l  Bureau of  S t a n d a r d s .  The o b j e c t i v e ,  
c u r r e n t l y  b e i n g  pursued a s  a  6.2 p r o j e c t ,  is  t o  d e v e l o p  a  r o b o t i c  
sys tem t h a t  is  r e s p o n s i v e  t o  a  h igh  l e v e l  E n g l i s h  c o n t r o l  
l anguage .  The c o n c e p t  o f  t h e  E n g l i s h  l anguage  h i e r a r c h y  was 
demons t ra ted  under  t h e  6 .1 e f f o r t .  The i n i t i a l  s o f t w a r e  
implementa t ion  h a s  been completed and t h e  sys tem is be ing  
i n t e g r a t e d  on a  r e c e n t l y  f a b r i c a t e d  microprocessor-based mobi le  
r o b o t .  Using a keyboard ,  commands a r e  a t  p r e s e n t  t r a n s m i t t e d  v i a  
c a b l e ,  a l t h o u g h  i n t e g r a t i o n  of an  RF l i n k  is underway. 

3-D Vision--Human O p e r a t o r s  

NAVEODTECHCEN h a s  a c o n t r a c t  w i t h  Honeywell t o  d e v e l o p  an 
enhanced v i s i o n  sys tem f o r  remote o p e r a t o r s  of  semi-autonomous 
sys tems .  T h i s  p r o j e c t  c o n c e n t r a t e s  on d e v e l o p i n g  a  c o n t r o l l e d -  
p a r a l l a x  c a p a b i l i t y  by  using a c l o s e d - c i r c u i t  , dual-camera 3-D 
v i s i o n  sys tem.  Video s i g n a l s  a r e  t r a n s m i t t e d  t o  t h e  remote 
l o c a t i o n  v i a  f i b e r - o p t i c  o r  RF l i n k .  The s t e r e o  images a r e  
p r e s e n t e d  on a  s i n g l e  TV m o n i t o r ,  which t h e  o p e r a t o r  v iews w i t h  
s p e c i a l l y  c o n f i g u r e d  g o g g l e s  t h a t  e f f e c t i v e l y  r e d i r e c t  t h e  l e f t  
and r i g h t  camera images t o  t h e  o p e r a t o r ' s  e y e s  i n  s u c h  a  f a s h i o n  
a s  t o  p r o v i d e  a  t h r e e  d i m e n s i o n a l  " t e l e p r e s e n c e "  e f f e c t .  
A p p l i c a t i o n s  i n c l u d e  a d a p t a t i o n  of e x i s t i n g  remote c o n t r o l  
v e h i c l e s  t o  t e l e p r e s e n c e  s y s t e m s ,  t o  take advan tage  of t h e  d e p t h  
p e r c e p t i o n  p rov ided  by t h e  s t e r e o  cameras .  The p r o t o t y p e  h a s  
been r e c e i v e d  from Honeywell and i s  c u r r e n t l y  undergoing 
e v a l u a t i o n .  



3 - D  VISION--HUMAN OPERATORS 

T DUAL 
YSTEM 



PROJECT REVIEW: OPERATIONS 

EXPLOSIVE ORDNANCE DISPOSAL 

Guided Robot ic  Disassembly  System 

The Guided Robot ic  Disassembly  System (GRIDS) f o r  E x p l o s i v e  
Ordnance D i s p o s a l  (EOD) is a  h i g h l y  a c c u r a t e ,  i n t e r a c t i v e ,  
r o b o t i c  w o r k c e l l  des igned  t o  perform remote d i s a s s e m b l y  f u n c t i o n s  
i n  s u p p o r t  of  EOD o p e r a t i o n s .  The c u r r e n t  sys tem,  developed a t  
t h e  U n i v e r s i t y  of  Texas a t  A u s t i n ,  is implemented on a  s t a t i c  
l a b o r a t o r y  p l a t f o r m  and c o n s i s t s  of  a  p a i r  of  r o b o t  m a n i p u l a t o r s ,  
a  s ing le -camera  3D v i s i o n  sys tem,  a n  a r r a y  of  c o l l i s i o n  avo idance  
and g u i d a n c e  s e n s o r s ,  an i n t e r a c t i v e  g r a p h i c s  w o r k s t a t i o n  and a 
h i e r a r c h i c a l  c o n t r o l l e r .  These components a r e  e f f e c t i v e l y  
i n t e g r a t e d  i n  t h i s  man-in-the-loop w o r k c e l l  t o  a c h i e v e  p o s i t i o n a l  
a c c u r a c i e s  of  one- thousandth  of  an i n c h  i n  n e a r - r e a l - t i m e .  

The gu ided  approach  used i n  GRIDS p r o v i d e s  t h e  EOD community w i t h  
advanced c a p a b i l i t i e s  n o t  found i n  p r e v i o u s l y  employed 
t e l e o p e r a t e d  sys tems .  The c o n s t r u c t i o n  of  t h r e e - d i m e n s i o n a l  
models u s i n g  computer  v i s i o n  g i v e s  t h e  o p e r a t o r  more d e t a i l e d  
i n f o r m a t i o n  i n  a  form e a s i e r  t o  v i s u a l i z e  t h a n  t h e  u s u a l  s i n g l e  
v i d e o  moni to r .  Coupled w i t h  t h e  i n t e r a c t i v e  g r a p h i c s  t e c h n i q u e s  
a v a i l a b l e  t o  m a n i p u l a t e  t h e  model f o r  i n s p e c t i o n ,  GRIDS p r o v i d e s  
i n f o r m a t i o n  d i f f i c u l t  t o  o b t a i n  o t h e r w i s e .  

GRIDS is a  s e l f - c a l i b r a t i n g  sys tem.  Using v i s u a l  images of  known 
o b j e c t s  such  a s  a  t o o l ,  i t  is p o s s i b l e  t o  d e t e r m i n e  and c o r r e c t  
e r r o r s  d u e  t o  i n a c c u r a c i e s  i n  t h e  m a n i p u l a t o r s  themse lves .  I n  
a d d i t  i o n ,  a u t o m a t i c  t r a j e c t o r y  p l a n n i n g  r e l i e v e s  t h e  o p e r a t o r  of 
t h e  tedium o f  p o s i t i o n i n g  t h e  m a n i p u l a t o r  w i t h  a t e a c h  pendan t .  
F i n a l l y ,  t h e  s e n s o r  c a p a b i l i t i e s ,  e r r o r  r e c o v e r y  p r o c e d u r e s  and 
h i e r a r c h i c a l  c o n t r o l  s t r u c t u r e  o f  GRIDS e n s u r e  t h a t  no unplanned 
impact  is made w i t h  t h e  o rdnance ,  and p lanned c o n t a c t s  w i l l  o n l y  
e x e r t  f o r c e s  d e t e r m i n e d  s a f e  by t h e  o p e r a t o r .  



G U I D E D  ROBOTIC  DISASSEMBLY SYSTEM 

CAMERA 
MANIPULATOR TOOL 

MANIPULATOR 

GRIDS ROBOTIC WORKCELL FOR EOD DISASSEMBLY FUNCTIONS 

INTERACTIVE GRAPHICS 
WORKSTATION 

\ 

JOYSTICK 

-- 
CAMERA TOOL MANIPULATOR CAMERA MANIPULATOR 

EUDWARE SCEUWATIC ILLUSTRATING COMMUNICATION BETWEEN COMPONENTS 
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S u r f a c e / S u b s u r f a c e  C l e a r a n c e  V e h i c l e  

L a r g e  t r a c t s  o f  l a n d  used  as  o r d n a n c e  impac t  a r e a s  o r  t e s t  r a n g e s  
have  o v e r  t h e  y e a r s  become c o n t a m i n a t e d  w i t h  unexploded  m u n i t i o n s  
and d e b r i s ,  t h e  q u a n t i t y  and c o n d i t i o n  o f  which i s  l a r g e l y  
unknown. I n  o r d e r  t o  r e n d e r  t h e s e  t r a c t s  s a f e  f o r  r edeve lopmen t  
o r  c o n t i n u e d  u s e ,  t h e y  mus t  be c l e a r e d  o f  a l l  u n s a f e  o r d n a n c e .  
T h e r e f o r e ,  r a n g e  c l e a r a n c e  equ ipmen t  s u c h  a s  t h e  
S u r f a c e / S u b s u r f a c e  C l e a r a n c e  V e h i c l e  (SSCV) is b e i n g  d e v e l o p e d  t o  
m e c h a n i c a l l y  remove o r d n a n c e  and r e l a t e d  d e b r i s  f rom t h e  s o i l .  
T h i s  d e v i c e  w i l l  be c a p a b l e  of making m u l t i p l e  p a s s e s  o v e r  an  
a r e a ,  d i g g i n g  t o  a  p r e d e t e r m i n e d  s o i l  d e p t h .  The s p e e d  a t  which 
t h i s  is accompl i shed  is d e p e n d e n t  upon t h e  s o i l  p r o p e r t i e s ,  
d e g r e e  o f  c o n t a m i n a t i o n  and amount o f  d e b r i s .  Items r a n g i n g  i n  
s i z e  f rom 39mm t o  155mm i n  d i a m e t e r  and u p  t o  1 .5  meters l o n g  
w i l l  be s e p a r a t e d  f rom t h e  s o i l .  The o p e r a t i o n  is r e m o t e l y  
s u p e r v i s e d ,  u s i n g  b o t h  r a d i o  and v i d e o  equ ipmen t ,  i n  o r d e r  t o  
c o n d u c t  removal  c l e a r a n c e  o p e r a t i o n s  a t  a  s a f e  s t a n d o f f  d i s t a n c e .  
F o l l o w i n g  ea r l i e r  p r o t o t y p e  d e m o n s t r a t i o n s ,  t h e  F Y  85 e f f o r t  h a s  
c o n c e n t r a t e d  on t h e  deve lopmen t  o f  d e s i g n  r e q u i r e m e n t s  f o r  a 
r u g g e d i z e d  s y s  t e m .  

B o r e h o l e  L o c a t i o n / D e t e c t i o n  Sys tem 

NAVEODTECHCEN is i n v e s t i g a t i n g  t h e  B o r e h o l e  L o c a t i o n / ~ e t e c t i o n  
Sys tem,  a  j o i n t  s e r v i c e  a p p l i c a t i o n  funded  by t h e  U . S .  Army Corps  
o f  E n g i n e e r s ,  as a low-cos t  t e c h n i q u e  t o  e f f e c t i v e l y  l o c a t e  
b u r i e d  o r d n a n c e .  The d e t e c t  i o n  o f  b u r i e d  o r d n a n c e  is c o m p l i c a t e d  
by  t h e  e x t r e m e  s e n s i t i v i t y  o f  e l e c t r o n i c  measu r ing  s y s t e m s  t o  t h e  
d i s t a n c e  be tween  t h e  s e n s o r  and t a r g e t .  O f t e n ,  t h e  s i g n a l - t o -  
n o i s e  r a t i o  d i m i n i s h e s  t o  t h e  p o i n t  where  t h e  s y s t e m  i s  
i n e f f e c t i v e .  The o b j e c t i v e  is t o  d e v e l o p  a  t e c h n i q u e  which u s e s  
e x i s t i n g  d r i l l i n g ,  s e n s o r  and i n f o r m a t i o n  p r o c e s s i n g  t e c h n o l o g y  
e f f e c t i v e l y  t o  overcome t h i s  p roblem.  Because  o f  t h e  l i m i t a t i o n s  
o f  c u r r e n t  s u r f a c e  o p e r a t e d  s y s t e m s  used  f o r  t h e  l o c a t i o n  o f  
b u r i e d  o r d n a n c e ,  i t  is n e c e s s a r y  t o  d r i l l  t o  p o s i t i o n  t h e  s e n s o r  
i n  p r o x i m i t y  t o  t h e  p r o b a b l e  l o c a t i o n  o f  unexploded  o r d n a n c e .  
Dur ing  FY 85, a  f e a s i b i l i t y  s t u d y  was c o n d u c t e d  t o  a d d r e s s  s e n s o r  
d e s i g n  c h a r a c t e r i s t i c s .  Geo-Centers ,  I n c  . is  c u r r e n t l y  a s s e s s i n g  
s e n s o r  c a p a b i l i t i e s  and d e v e l o p i n g  f i e l d  tes ts  t o  be c o n d u c t e d  
d u r i n g  FY 86. 



SURFACE/SUBSURFACE CLEARANCE V E H I C L E  

@ O B J E C T I V E :  TO MECHANICALLY REMOVE UNEXPLODED ORDNANCE 
AND RELATED D E B R I S  FROM ORDNANCE IMPACT AREAS 

@ REQUIREMENTS: 

- D I G  TO A PREDETERMINED S O I L  DEPTH - MAKE M U L T I P L E  PASSES AT REASONABLE SPEED 
- SEPARATE AND COLLECT I T E M S  FROM S O I L  
- PROVIDE 3.5 METER C U T T I N G  SWATH 
- I N T E R F A C E  W I T H  REMOTE R A D I O  AND V I D E O  MONITORING 

EQUIPMENT 

BOREHOLE LOCATION/DETECTION SYSTEM 

0 O B J E C T I V E :  DEVELOP AN E F F E C T I V E  AUTOMATIC SYSTEM FOR 
L O C A T I N G  B U R I E D  ORDNANCE, U S I N G  E X I S T I N G  D R I L L I N G ,  SENSOR 
AND INFORMATION PROCESSING TECHNOLOGY 

@ DETECTION OF B U R I E D  ORDNANCE COMPLICATED BY: 

- S E N S I T I V I T Y  OF ELECTRONIC MEASURING SYSTEM TO 
D ISTANCE BETWEEN SENSOR AND TARGET 

- POOR S I G N A L  TO N O I S E  R A T I O  

@ SOLUTION:  D R I L L  TO P O S I T I O N  SENSOR I N  P R O X I M I T Y  TO 
UNEXPLODED ORDNANCE 

@ GEO-CENTER, I N C .  ASSESSING SENSOR C A P A B I L I T I E S  AND 
DEVELOPING FY 86 F I E L D  TESTS 



PROJECT REVIEW: OPERATIONS 

EXPLOSIVE ORDNANCE DISPOSAL UNDERWATER SYSTEMS 

Advanced Development Remotely Operated V e h i c l e  

The Advanced Development Remotely Opera ted  V e h i c l e  (ADROV) i s  a  
~emonstration/Validation p r o t o t y p e  d e s i g n e d  t o  l o c a t e ,  i n s p e c t ,  
and mark s p e c i f i c  t a r g e t s  ( p r i m a r i l y  unexploded o rdnance)  on t h e  
s e a  f l o o r .  I t  w i l l  o p e r a t e  i n  two k n o t s  of c u r r e n t  t o  d e p t h s  of 
328 f e e t  w h i l e  s t a n d i n g  300 f e e t  o f f  from t h e  s u p p o r t  p l a t f o r m .  
The 200 pound v e h i c l e  i s  c o n t r o l l e d  from t h e  s u r f a c e  t h r o u g h  an 
800 f o o t  n e g a t i v e l y - b o u y a n t  u m b i l i c a l .  ADROV is equipped w i t h  
f o u r  e l e c t r o - h y d r a u l i c  t h r u s t e r s .  I t  c a r r i e s  a  b l a c k  and w h i t e  
v i d e o  camera sys tem,  v a r i o u s  s e n s o r s  and a s s o c i a t e d  e l e c t r o n i c s ,  
and f e a t u r e s  a  h igh  d e f i n i t i o n  s o n a r  c o l o r  d i s p l a y .  

The p r o t o t y p e  was d e l i v e r e d  by t h e  m a n u f a c t u r e r ,  Hydro P r o d u c t s ,  
I n c .  t.o NAVSEA i n  J u l y  1985.  Developmental  t e s t i n g  was conducted  
from August 1985 - A p r i l  1986.  

The DT I o b j e c t i v e  was t o  a s s e s s  t h e  a b i l i t y  of t h e  v e h i c l e  t o  
l o c a t e ,  i n s p e c t ,  and mark ( w i t h  a  p a y l o a d )  a p a r t i c u l a r  t a r g e t .  
The t e s t i n g  was d i v i d e d  i n t o  two p h a s e s ,  w i t h  t h e  f i r s t  phase  
conducted  on t h e  West C o a s t  i n  an i d e a l  envi ronment .  The second 
phase  was conducted  i n  t h e  P a t u x e n t  River  n e a r  Solomons I s l a n d ,  
where poor w a t e r  c o n d i t i o n s  s i m u l a t e d  t h o s e  found i n  most 
h a r b o r s .  

The b a s i c  o b j e c t i v e s  of t h e  sys tem tes t  and e v a l u a t i o n  were 
a c h i e v e d .  The EOD p e r s o n n e l  mastered  sys tem o p e r a t i o n ,  developed 
c o n t r o l  s k i l l s ,  and demons t ra ted  an  a b i l i t y  t o  a d a p t  q u i c k l y  a s  
c o n d i t i o n s  d e t e r i o r a t e d .  The r i g o r o u s  e v a l u a t i o n  encompassed a 
t o t a l  of  5 4  o p e r a t i o n a l  h o u r s  and i n c l u d e d  over  40 d i v e s ,  more 
t h a n  h a l f  of which s i m u l a t e d  a c t u a l  EOD m i s s i o n s .  The v e h i c l e  
h a s  o p e r a t e d  t o  d e p t h s  of  250 f e e t  a t  s p e e d s  e s t i m a t e d  a t  3 
k n o t s ,  and demons t ra ted  a c a p a b i l i t y  of " f l y i n g "  a t  over  4 k n o t s ,  
d i v i n g  a t  1 meter  p e r  second ,  l o c a t i n g  mine- l ike  c o n t a c t s  t o  a  
r a n g e  of  50 meters, and i n s p e c t i n g  and marking t a r g e t g ,  a l l  
w h i l e  c a r r y i n g  a  pay load .  



ADVANCED DEVELOPMENT REMOTELY OPERATED V E H I C L E  

0 DESIGNED TO LOCATE, INSPECT, AND MARK S P E C I F I C  TARGETS 

I) CONTROLLED FROM SURFACE PLATFORM: - USES AN 800 FOOT U M B I L I C A L  
- ALLOWS 300 FOOT STAND-OFF I N  2 KNOT CURRENT - OPERATES TO DEPTHS OF 3 2 8  F E E T  

8 EQUIPMENT:  - FOUR ELECTRO-HYDRAULIC THRUSTERS 
- BLACK AND WHITE V I D E O  CAMERA SYSTEM 
- H I G H  D E F I N I T I O N  SONAR COLOR D I S P L A Y  - VARIOUS SENSORS 

I) B A S I C  TEST AND EVALUATION O B J E C T I V E S  ACHIEVED 



PROJECT REVIEW: OPERATIONS 

EXPLOSIVE ORDNANCE DISPOSAL UNDERWATER SYSTEMS 

PLUTO 

A s  p a r t  o f  t h e  NAVSEA F o r e i g n  Weapons E v a l u a t i o n  e f f o r t ,  
NAVEODTECBCEN is c o n d u c t i n g  a n  a p p r a i s a l  o f  t h e  PLUTO u n d e r w a t e r  
v e h i c l e .  T h i s  t e t h e r e d  v e h i c l e  is c a p a b l e  o f  o p e r a t i n g  t o  d e p t h s  
o f  1000  f e e t .  I t  is equ ipped  w i t h  s o n a r  and a v i d e o  camera  
s y s t e m .  PLUTO is c o n t r o l l e d  by a  s i n g l e  c o a x i a l  c a b l e ,  h a s  an 
onboard power s o u r c e ,  and is u n i q u e  i n  t h a t  i t  is t h e  o n l y  ROV i n  
i t s  class t h a t  is b a t t e r y  powered.  Whi l e  PLUTO is o p e r a t i n g  a t  
s p e e d s  up t o  1 k n o t ,  t h e  b a t t e r i e s  c a n  b e  t r i c k l e - c h a r g e d  t h r o u g h  
t h e  c a b l e ,  and m a i n t a i n e d  a t  f u l l  c a p a c i t y .  

The PLUTO s y s t e m  was d e l i v e r e d  t o  NAVEODTECHCEN on 1 0  September  
1985 .  PLUTO h a s  been  s u b j e c t e d  t o  e x t e n s i v e  t e s t i n g  and 
e v a l u a t i o n .  

P h a s e  I o f  t h e  PLUTO s y s t e m  tes t  and e v a l u a t i o n  was p l a n n e d  t o  
take p l a c e  i n  t h e  Solomon Annex a r e a  of  t h e  P a t u x e n t  R i v e r  Naval  
A i r  T e s t  C e n t e r  i n  o r d e r  t o  u s e  t h e  f a c i l i t i e s  t h a t  were 
a v a i l a b l e  f o r  t h e  c o n t i n u i n g  ADRCV t e s t i n g .  

The test o b j e c t i v e s  l a i d  down i n  t h e  PLUTO tes t  p l a n  a r e  
summarized below: 

1. T r a i n  Navy p e r s o n n e l  i n  t h e  m a i n t e n a n c e ,  dep loymen t  
and r e c o v e r y  o f  t h e  PLUTO s y s t e m .  

2 .  E s t a b l i s h  min imal  C r e w  O p e r a t i n g  P l a t f o r m  
r e q u i r e m e n t s  f o r  PLUTO o p e r a t i o n s .  

3 .  A s c e r t a i n  t e c h n i c a l  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  
i n  a v a r i e t y  o f  EOD/MCM s c e n a r i o s  . 

4.  P r o v i d e  c o m p a r a t i v e  d a t a  w i t h  t h e  ADROV s y s t e m .  
5. D e t e r m i n e  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  and 

s u p p o r t a b i l i t y  o f  t h e  s y s t e m .  



P L U T O  

NAVEODTECHCEN I S  C O N D U C T I N G  AN A P P R A I S A L  OF P L U T O ,  A T E T H E R E D  

REMOTELY OPERATED V E H I C L E  C A P A B L E  OF O P E R A T I N G  T O  D E P T H S  OF 1000 

F E E T .  P L U T O ,  B A T T E R Y  POWERED AND E Q U I P P E D  W I T H  A SONAR AND V I D E O  

CAMERA, I S  A P O R T A B L E  TOOL FOR A P P L I C A T I O N S  I N  T H E  E O D I M C M  

C O M M U N I T Y .  



PROJECT REVIEW: OPERATIONS 

NAVY SALVAGE OPERATIONS 

Deep Drone is a n  o p e r a t i o n a l  t e l e o p e r a t e d  t e t h e r e d  v e h i c l e  
equ ipped  w i t h  b o t h  a  s e v e n  deg ree -o f - f r eedom and a  f i v e  d e g r e e -  
of - f reedom m a n i p u l a t o r .  I t  is used  t o  p e r f o r m  d e e p  ocean  s a l v a g e  
o p e r a t i o n s .  T h i s  s y s t e m  is c a p a h l e  o f  o p e r a t i n g  a t  d e p t h s  o f  
6000 f e e t  and a t  s p e e d s  up  t o  2 k n o t s ,  i n c o r p o r a t i n g  b o t h  a  
b l ack -and-whi t e  and c o l o r  TV camera ,  a  360-degree  s e a r c h  s o n a r ,  
and a  b o t t o m  n a v i g a t i o n  s y s t e m .  T h i s  p r o j e c t  is unde r  t h e  
t e c h n i c a l  d i r e c t i o n  o f  SEA OOC (Tom Sa lmon) ,  and is c o n s t a n t l y  
b e i n g  u p d a t e d  t o  i n c o r p o r a t e  p r o v e n  a d v a n c e s  i n  r o b o t i c  
t e c h n o l o g y .  

OTHER UNDERWATER PROJECTS 

F o r  t h e  p a s t  s e v e r a l  y e a r s ,  SEA 05R ( John  F r e u n d )  h a s  c o n d u c t e d  
an  a c t i v e  program i n  u n d e r w a t e r  r e s e a r c h  i n  t e l e o p e r a t e d  and 
r o b o t i c  s y s t e m s  a t  NOSC, where  an Advanced T e t h e r e d  V e h i c l e  is  
b e i n g  d e v e l o p e d  f o r  u n d e r w a t e r  work t a s k s .  The v e h i c l e  is 
e l e c t r i c a l l y  d r i v e n  t h r o u g h  a t e t h e r  and c a n  b e  o p e r a t e d  f rom 
most  v e s s e l s .  I t  is equ ipped  w i t h  s o n a r  and v i d e o  c a m e r a s ,  
n a v i g a t i o n  s e n s o r s ,  and a work package  w i t h  t o o l s  and 
m a n i p u l a t o r s .  I n  t h e  t e l e o p e r a t e d  mode t h e  v e h i c l e  communica tes  
w i t h  t h e  o p e r a t o r  v i a  a  f i b e r o p t i c  l i n k ,  r e c e i v i n g  commands 
d u r i n g  t h e  r e t r a c e  p o r t i o n  o f  t h e  v i d e o  s i g n a l  b e i n g  s e n t  t o  t h e  
s u r f a c e  m o n i t o r .  

An Under sea  S e a r c h  V e h i c l e  is a l s o  b e i n g  d e v e l o p e d  by 
NOSC, c a p a b l e  o f  c o n d u c t i n g  r a p i d  u n d e r w a t e r  s e a r c h e s  f  rorn 
v e s s e l s  i n  t h e  open ocean  i n  a n  u n t e t h e r e d  mode, a t  g r e a t  d e p t h s  
and h i g h  s p e e d .  The s y s t e m c o n s i s t s  o f  a s e a r c h  v e h i c l e ,  a  
communica t ions  r e l a y  buoy and s h i p b o a r d  s u p p o r t  equ ipmen t .  The 
s e a r c h  v e h i c l e  car r ies  h i g h - r e s o l u t i o n  s o n a r  and v i d e o  equ ipmen t  
c a p a b l e  o f  p r o v i d i n g  f r e e z e - f r a m e  p i c t u r e s  t o  t h e  c o n t r o l l i n g  
v e s s e l .  The d a t a ,  r e l a y e d  t o  t h e  s h i p  v i a  a  towed hydrophone ,  is 
d i s p l a y e d  t o  two s y s t e m  o p e r a t o r s  a b o a r d  t h e  s h i p , '  one  
c o n t r o l l i n g  t h e  s e a r c h  v e h i c l e  and t h e  o t h e r  i n t e r p r e t i n g  d a t a .  

The Deep Submergence Sys t ems  Program (PMS-395) i s  d e v e l o p i n g  
p e r f o r m a n c e  s p e c i f i c a t i o n s  f o r  a m a s t e r / s l a v e  m a n i p u l a t o r  arm 
s y s t e m  f o r  t h e  DSV 3  v e h i c l e .  The m a n i p u l a t o r  o u t b o a r d  arm 
( s l a v e )  is t o  b e  d e s i g n e d  t o  b e  c o m p l e t e l y  compensa ted  by  t h e  
v e h i c l e  h y d r a u l i c  s y s t e m ,  a l l o w i n g  o p e r a t i o n  t o  a d e p t h  o f  20,000 
f e e t .  The s l a v e  w i l l  b e  c o n t r o l l e d  w i t h  a  b i l a t e r a l  r e p l i c a  
c o n t r o l l e r  (master) which w i l l  b e  d e s i g n e d  f o r  u s e  i n  t h e  one  
a t m o s p h e r e ,  c l o s e d  e n v i r o n m e n t  o f  t h e  DSV 3  p e r s o n n e l  s p h e r e .  
The m a s t e r  w i l l  u s e  e l e c t r i c a l  c o n t r o l  s i g n a l s  ( i n b o a r d )  which  
s h a l l  i n t e r f a c e  w i t h  t h e  h y d r a s 1  ic power ( o u t b o a r d )  t o  c o n t r o l  
t h e  mo t ion  and p o s i t i o n  o f  t h e  s l a v e .  



NAVY SALVAGE O P E R A T I O N S  

OTHER N A V S E A  UNDERWATER P R O J E C T S :  

@ ADVANCED T E T H E R E D  V E H I C L E  

@ UNDERSEA SEARCH V E H I C L E  

@ DSV 3 M A N I P U L A T O R  ARM 

@ N R - 1  M A N I P U L A T O R  ARM 



PROJECT REVIEW: OPERATIONS 

ROBOTIC HULL INSPECTION SYSTEM 

NAVSEA e f f o r t s  t o  a p p l y  r o b o t i c s  t e c h n o l o g y  t o  t h e  p e r f o r m a n c e  o f  
m a i n t e n a n c e  and r e p a i r  work i n c l u d e d  p l a n s  f o r  t h e  deve lopmen t  of  
a p r o t o t y p e  h u l l  i n s p e c t i o n  s y s t e m .  The p r o j e c t  was managed b y  
F red  Sax ton  (SEA 05R12B) unde r  t h e  t e c h n i c a l  d i r e c t i o n  o f  D r .  
Ross  L .  Peppe r  o f  t h e  Naval  Ocean Sys t ems  C e n t e r  i n  Hawai i .  Due 
t o  f u n d i n g  c o n s t r a i n t s  t h e  e f f o r t  was n o t  pu r sued  d u r i n g  F Y  85. 
The r e m o t e l y  o p e r a t e d  r o b o t i c  h u l l  i n s p e c t i o n  r o b o t  was d e s i g n e d  
f o r  u n d e r w a t e r  i n s p e c t i o n  o f  a  s h i p  h u l l ,  p r o p e l l e r  and s h a f t .  
T h e  p r o j e c t  i n c l u d e d  deve lopmen t  of  a  t e t h e r e d  m o b i l e  p l a t f o r m  
t h a t  c a n  t r a v e r s e  t h e  h u l l ,  a  n a v i g a t i o n a l  c a p a b i l i t y  f o r  
m a i n t a i n i n g  o r i e n t a t i o n ,  and a v i d e o  c a p a b i l i t y .  



ROBOTIC HULL I N S P E C T I O N  SYSTEM 

@ PROTOTYPE HULL I N S P E C T I O N  SYSTEM 

@ UNDERWATER I N S P E C T I O N  OF HULL, PROPELLER AND SHAFT 

@ TETHERED PLATFORM WITH N A V I G A T I O N  AND V I D E O  C A P A B I L I T Y  



PROJECT REVIEW: OPERATIONS 

REMOTE CONTROL FIREFIGHTING PLATFORM 

C o n s i d e r a b l e  e m p h a s i s  h a s  been  p l a c e d  upon t h e  i n v e s t i g a t i o n  o f  
r o b o t i c  s y s t e m s  d e s i g n e d  f o r  u s e  i n  h a z a r d o u s  o p e r a t i o n s .  I n i t i a l  
e f f o r t s  i n  t h i s  a r e a  h a v e  emphas ized  t e l e o p e r a t e d  o r  r emote  
c o n t r o l l e d  d e v i c e s ,  w i t h  t h e  o p e r a t o r  p r o v i d i n g  a l l  t h e  s y s t e m  
i n t e l l i g e n c e .  I n  t h e  f  i r e f i g h t i n g  a r e a  t h e  i n i t i a l  Navy e f f o r t  
is  t h e  Remote C o n t r o l  F i r e f i g h t i n g  P l a t f o r m  (RCFP)  , begun i n  
r e s p o n s e  t o  d i r e c t i o n  f rom t h e  A i r c r a f t  C a r r i e r  F i r e f i g h t i n g  F l a g  
L e v e l  S t e e r i n g  Commit tee  (CVFF/FLSC) . 
The RCFP i s  a  t e l e o p e r a t e d  h o s e  d e l i v e r y  s y s t e m  d e s i g n e d  and 
b u i l t  by  a d e v e l o p m e n t  team headed by  Mary Lacey  a t  t h e  Naval  
S u r f a c e  Weapons C e n t e r .  The b a s e  p l a t f o r m  is a m o d i f i e d  
h y d r o s t a t i c  f r o n t - e n d  l o a d e r  powered by  a n  i n t e r n a l  c o m b u s t i o n  
e n g i n e ,  equ ipped  w i t h  t r a i n a b l e  r emote  d i r e c t e d  n o z z l e s .  $11 
v e h i c l e  and n o z z l e  f u n c t i o n s  a r e  d i r e c t e d  by a n  o p e r a t o r  u s i n g  a  
handhe ld  c o n t r o l  s t a t i o n  up  t o  500 f e e t  away. The Advanced 
Development  RCFP is d e s i g n e d  a s  an  unmanned b a t t e r y  powered 
t r a c k e d  v e h i c l e  c a p a b l e  o f  s p e e d s  up  t o  10  mph, w i t h  t h e  a b i l i t y  
t o  maneuver on d e c k s  i n c l i n e d  up  t o  1 5  d e g r e e s .  The v e h i c l e  w i l l  
be a b l e  t o  t u r n  on i t s  own c e n t e r  and n e g o t i a t e  o b s t a c l e s  up  t o  a 
f o o t  h i g h .  The u m b i l i c a l  c o n t r o l  s y s t e m  may b e  supp lemen ted  by 
an RF l i n k ,  and w i l l  have  a  b u i l t - i n  test  c a p a b i l i t y .  The 
r e s p o n s i b i l i t y  f o r  d e v e l o p m e n t  of  t h i s  r e l i a b l e ,  l ow-cos t  s y s t e m ,  
i n i t i a l l y  ass igned  t o  NAVSEA, was t u r n e d  o v e r  t o  t h e  A i r c r a f t  
F i r e f i g h t i n g  and Rescue Branch  of  t h e  Naval  A i r  Sys tems  Command 
d u r i n g  F Y  85. O p e r a t i o n a l  t e s t i n g  is  s c h e d u l e d  f o r  l a t e  FY 86,  
w i t h  p o s s i b l e  F l e e t  i n t r o d u c t i o n  a s  e a r l y  as t h e  end o f  FY 87. 
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PROJECT REVIEW: OPERATIONS 

WATERSIDE SECURITY SYSTEM PROGRAM 

I n  FY 85 Congress  mandated a  d e m o n s t r a t i o n  of  commerc ia l ly  
a v a i l a b l e  equipment  w h i c h  c o u l d  be  used t o  enhance t h e  s e c u r i t y  
o f  DoD w a t e r f r o n t  a r e a s .  Due t o  t h e  A i r  F o r c e s 1  r e s p o n s i b i l i t y  
f o r  Base and I n s t a l l a t i o n  S e c u r i t y  Systems,  i n i t i a l  management 
f o r  t h e  d e m o n s t r a t i o n  was a s s i g n e d  t o  t h e  A i r  F o r c e  who r e q u e s t e d  
Naval Sea Systems Command (NAVSEA) t o  p r o v i d e  t h e  Program 
Manager. The D i r e c t o r ,  Nuclear  Weapons and Muni t ions  S e c u r i t y  
D i v i s i o n ,  SEA 643, f o r m a l l y  accep ted  t h i s  f u n c t i o n  i n  March 1985.  
F i v e  m i l l i o n  d o l l a r s  was i n i t i a l l y  programmed f o r  t h e  tes t .  A 
T e c h n i c a l  S t e e r i n g  Committee formed under SEA 643, s u p p o r t s  t h e  
W a t e r s i d e  S e c u r i t y  System (WSS) d e m o n s t r a t i o n  and i n c l u d e s  n a v a l  
l a b o r a t o r i e s  and p r i v a t e  r e s e a r c h  o r g a n i z a t i o n s .  

The p u r p o s e  of  t h e  test is t o  d e m o n s t r a t e  e x i s t i n g  e l e c t r o n i c  
underwater  and s u r f a c e  s e c u r i t y  sys tems ,  i n  a n  a t t e m p t  t o  r e d u c e  
p h y s i c a l  damage, i n t e l l i g e n c e  c o l l e c t i o n ,  and u n i n t e n t i o n a l  
t r e s p a s s .  The t h r e a t s  t o  b e  addressed  a r e :  (1) f a s t  b o a t ,  (2) 
sneak b o a t ,  ( 3 )  s u r f  a c e  swimmers, ( 4 )  underwater  swimmers, and 
( 5 )  underwater  v e h i c l e s .  

Components under  c o n s i d e r a t i o n  i n c l u d e  imaging d e v i c e s ,  deployed 
a t  f i x e d  s h o r e  p o s i t i o n s  and mounted on remote ly  o p e r a t e d  
v e h i c l e s  (ROVs)  ; r a d a r s ;  and s o n a r s .  The s o n a r  equipment  is 
d e s i g n e d  t o  d e t e c t  s w i m m e r s ,  underwater  v e h i c l e s ,  and s u r f a c e  
c r a f t  . Imaging d e v i c e s ,  i n c l u d i n g  i n £  r a r e d  , reduced- and low- 
l i g h t  l e v e l  t e l e v i s i o n ,  and CCTV s u r v e i l l a n c e  sys tems  a r e  a l s o  
be ing  e v a l u a t e d  a s  a s s e s s m e n t  d e v i c e s .  Radar is  b e i n g  
i n v e s t i g a t e d  f o r  a p p l i c a b i l i t y  i n  s u r f a c e  s w i m m e r ,  f a s t  b o a t ,  and 
sneak b o a t  d e t e c t i o n .  The e v a l u a t i o n s  c o n s i d e r  p a r a m e t e r s  s u c h  
as t a r g e t  s i z e ,  t a r g e t  s p e e d ,  s t r u c t u r e  d i s c r i m i n a t i o n  and 
s h o r e l i n e  d i s c r i ~ i n a t i o n .  

One segment o f  t h e  WSS Demonst ra t ion  was t o  e v a l u a t e  commerc ia l ly  
a v a i l a b l e  ROVs t o  d e t e r m i n e  t h e i r  f e a s i b i l i t y  a s  underwater  
p l a t f o r m  a s s e s s m e n t  d e v i c e s  i n  i n v e s t i g a t i n g  p o t e n t i a l  
i n t r u s i o n s .  Naval  C i v i l  Eng inee r ing  L a b o r a t o r y ,  P o r t  Heuneme, 
was d i r e c t e d  t o  i n v e s t i g a t e  p o s s i b l e  c a n d i d a t e s .  NCEL reviewed 
f o u r  v e h i c l e s  t o  d a t e :  t h e  Minnow, Sea Rover,  Mysub 1 0 ,  and 
Hysub 30. U n f o r t u n a t e l y  d u e  t o  budge ta ry  c u t s  t h e  ROV phase  was 
c a n c e l e d .  

The p r o j e c t  t e s t i n g  s c h e d u l e  b e g i n s  w i t h  t h e  t e s t i n g  and 
a s s e s s m e n t  of t h e  specific s e n s o r  sys tems .  The t o t a l  i n t e g r a t e d  
sys tems  test  w i l l  b e  conducted  d u r i n g  J u n e  1986 and w i l l  a s s e s s  
performance  of  t h e  i n t e g r a t e d  sys tem made up of  c a n d i d a t e  d e v i c e s  
emerging from t h e  i n d i v i d u a l  component e v a l u a t i o n s .  

I t  shou ld  b e  no ted  t h a t  i n M a y  1985,  t h e  r e s p o n s i b i l i t y  f o r  
w a t e r s i d e  s e c u r i t y  was f o r m a l l y  t r a n s f e r r e d  from t h e  A i r  F o r c e  t o  
t h e  Navy. The i n v e s t i g a t i o n  of ROV a p p l i c a t i o n s  w i l l  b e  a d d r e s s e d  
d u r i n g  t h i s  newly t r a n s f e r r e d  fo rmal  R&D program. 
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PROJECT REVIEW: OPERATIONS 

ROBOTICS FOR PHYSICAL SECURITY 

The Nuclear  S e c u r i t y  Research  and Development D i v i s i o n  of t h e  
Defense  Nuclear  Agency is a u t h o r i z e d  t o  expend E x p l o r a t o r y  
Development ( 6  - 2 )  f u n d s  f o r  s e c u r i t y  sys tems  development .  The 
P h y s i c a l  S e c u r i t y  Equipment Ac t ion  Group, a  j o i n t  s e r v i c e  
o r g a n i z a t i o n  c h a i r e d  by a  r e p r e s e n t a t i v e  of  t h e  Under S e c r e t a r y  
of  Defense  f o r  Research  and E n g i n e e r i n g ,  i n  r e s p o n s e  t o  r e q u e s t s  
from t h e  Army, Navy, and A i r  F o r c e ,  a u t h o r i z e d  t h e  Defense  
Nuclear  Agency (DNA) t o  examine t h e  p o s s i b l e  u s e  of r o b o t i c s  i n  
t h e  s e c u r i t y  f i e l d .  

Doug C a v i l e e r  of  OP-09N and John L a l l y  of  SEA 6432 r e p r e s e n t  t h e  
Navy i n  p r o v i d i n g  t e c h n i c a l  r ev iew and o v e r s i g h t  t o  t h i s  p r o j e c t  
from t h e  p h y s i c a l  s e c u r i t y  p e r s p e c t i v e ;  NSWC Code R-402 (Russ 
Werneth) ,  NOSC Code 442 ( S c o t t  Harmon), and SEA 90G p r o v i d e  
s u p p o r t i n g  t e c h n i c a l  e x p e r t i s e  i n  r o b o t i c s .  Improved s e c u r i t y ,  
reduced c o s t s ,  and r e d u c t i o n  of  r e q u i r e d  manpower a r e  a l l  
b e l i e v e d  t o  b e  p o s s i b l e  th rough  a p p l i c a t i o n  of emerging r o b o t i c s  
t e c h n o l o g i e s  t o  p h y s i c a l  s e c u r i t y  needs .  

Mer id ian  C o r p o r a t i o n  conducted  t h e  Phase  I f e a s i b i l i t y  s t u d y  
under c o n t r a c t  t o  DNA, from J u n e  1984 t h r o u g h  F e b r u a r y  1985. The 
F i n a l  Repor t ,  DNA-TR-84-422, t i t l e d  Bg Eyduakha ~ Eakz~Li~a  f a  
U d s d  S = u f ; y ,  p r o v i d e s  a  background of  c u r r e n t  p h y s i c a l  
s e c u r i t y  p r a c t i c e s  a t  weapons s t o r a g e  s i tes ,  b o t h  i n  t h e  Uni ted  
S t a t e s  and abroad .  The o b j e c t i v e  of t h e  s t u d y  was t o  a s s e s s  t h e  
s t a t e - o f - t h e - a r t  of  r o b o t i c s  t e c h n o l o g i e s  a s  t h e y  may p o t e n t i a l l y  
a p p l y  t o  t h e  p h y s i c a l  s e c u r i t y  o f  n u c l e a r  weapons a t  f i x e d  l a n d -  
based s t o r a g e  s i t e s  i n  o r d e r  t o  enhance  s e c u r i t y  e f f e c t i v e n e s s ,  
r e d u c e  manpower c o s t s ,  and modernize  s e c u r i t y  p r a c t i c e s  . The 
r e p o r t  concluded:  

1. Robot ic  t e c h n o l o g i e s  have s i g n i f i c a n t  p o t e n t i a l  f o r  
s e c u r i t y  improvement, p a r t i c u l a r l y  i n  manpower 
r e d u c t i o n .  

2. C u r r e n t  and p r o j e c t e d  a v a i l a b l e  r o b o t i c  t e c h n o l o g i e s  
appear  h i g h l y  a p p l i c a b l e  t o  n u c l e a r  weapons p h y s i c a l  
s e c u r i t y  , e s p e c i a l l y  f o r  r e s p o n s e ,  d e t e c t  i o n ,  and 
a s s e s s m e n t s .  

3. P h y s i c a l  s e c u r i t y  f u n c t i o n s  f o r  which r o b o t i c  
t e c h n o l o g i e s  appear  most a p p l i c a b l e  a r e  a l s o  t h o s e  
t h a t  o f f e r  t h e  g r e a t e s t  o p p o r t u n i t y  f o r  improvement. 



R O B O T I C S  FOR P H Y S I C A L  S E C U R I T Y  

@ DEFENSE NUCLEAR AGENCY I S  I N V E S T I G A T I N G  A P P L I C A T I O N  OF 
R O B O T I C S  TO S E C U R I T Y  SYSTEMS 

- A U T H O R I Z E D  B Y  T H E  P H Y S I C A L  S E C U R I T Y  E Q U I P M E N T  A C T I O N  
GROUP--USDRE - EXPLORATORY DEVELOPMENT UNDERWAY 

@ NAVY T E C H N I C A L  R E V I E W  AND O V E R S I G H T :  

- P H Y S I C A L  S E C U R I T Y  
-- O P - 0 9 N  
-- SEA 6 4 3 2  

- R O B O T I C S  
-- SEA 906 
-- NSWC R - 4 0 2  
-- NOSC 442 

@ O B J E C T I V E S :  

- IMPROVED S E C U R I T Y  - REDUCED COSTS - R E D U C T I O N  OF R E Q U I R E D  MANPOWER 

@ PHASE I F E A S I B I L I T Y  STUDY: 

- JUNE 1984 T O  FEBRUARY 1985 - CURRENT AND PROJECTED R O B O T I C  TECHNOLOGIES  APPEAR 
A P P L I C A B L E  TO NUCLEAR WEAPONS P H Y S I C A L  S E C U R I T Y  - P O T E N T I A L  A P P L I C A T I O N S  SPAN W I D E  RANGE OF T E C H N I C A L  
D I F F I C U L T Y ,  R I S K ,  AND PAYOFF  - S I G N I F I C A N T  ADVANCES R E Q U I R E D  I N  SOME R O B O T I C  
TECHNOLOGIES  

@ PHASE I 1  CONCEPT D E F I N I T I O N :  

- I N I T I A T E D  AUGUST 1985 
- CONTRACT AWARDS TO: 

-- M E R I D I A N  CORPORATION 
-- O D E T I C S ,  I N C .  
-- S C I E N C E  A P P L I C A T I O N S  I N T E R N A T I O N A L  CORPORATION 



PROJECT REVIEW: OPERATIONS 

ROBOTICS FOR PHYSICAL SECURITY (Con t inued)  

4. P o t e n t i a l  r o b o t i c  t e c h n o l o g y  a p p l i c a t i o n s  s p a n  a  w ide  
r a n g e  o f  t e c h n i c a l  d i f f i c u l t y ,  r i s k ,  and p a y o f f :  

- Response  f u n c t i o n :  P o t e n t i a l  f o r  a l a r g e  p a y o f f ,  
u s i n g  t e c h n o l o g y  beyond t h e  s t a t e - o f - t h e - a r t  , 
i n  augment ing  r e s p o n s e  f u n c t i o n s .  

- D e t e c t i o n / A s s e s s m e n t  F u n c t i o n s :  P o t e n t i a l  f o r  
s u b s t a n t i a l  n e a r  t e r m  p a y o f f  w i t h  n e a r  s t a t e - o f -  
t h e - a r t  t e c h n o l o g y  i n  t h e  a r e a  o f  augment ing  
d e t e c t i o n  and a s s e s s m e n t .  

5 .  S i g n i f i c a n t  a d v a n c e s  i n  some s u p p o r t i n g  t e c h n o l o g i e s  a r e  
r e q u i r e d  i n  o r d e r  t o  r e a l i z e  t h e  f u l l  p o t e n t i a l  f o r  
improv ing  n u c l e a r  weapons s e c u r i t y :  

- AI: E x p e r t  Sys t ems ,  I n t e l l i g e n t  P l a n n e r s ,  
N a t u r a l  Language I n t e r f a c e s  

- S e n s o r s :  S e n s o r  F u s i o n ,  V i s i o n ,  I n t r u s i o n  
D e t e c t i o n ,  Millimeter Radar  

- M o b i l i t y :  C o l l i s i o n  Avoidance ,  N a v i g a t i o n ,  T e l e -  
p r e s e n c e ,  T e l e o p e r a t i o n  

The r e p o r t  is  a v a i l a b l e  t o  government  a g e n c i e s  and t h e i r  
c o n t r a c t o r s  t h r o u g h  t h e  D e f e n s e  T e c h n i c a l  I n f o r m a t  i o n  C e n t e r .  

P h a s e  11, t h e  fo l low-on  Concep t  D e f i n i t i o n  P h a s e  of t h e  R o b o t i c s  
f o r  P h y s i c a l  S e c u r i t y  Program,  was i n i t i a t e d  i n  Augus t  1 9 8 5  w i t h  
t h e  award o f  i n d e p e n d e n t  c o n t r a c t s  t o  M e r i d i a n  C o r p o r a t i o n ,  
Ode t i c s ,  I n c . ,  and S c i e n c e  A p p l i c a t i o n s  I n t e r n a t i o n a l  Corpora -  
t i o n .  The o b j e c t i v e  is t o  p r o v i d e  t h e  S e r v i c e s  w i t h  a s  many 
c o n c e p t s  as  p o s s i b l e ,  e n c o u r a g e  c o m p e t i t i o n ,  and e n s u r e  a v a l i d  
s e t  o f  o p t i o n s  f o r  d e s i g n  and c o n s t r u c t i o n  o f  p r o t o t y p e s  i n  P h a s e  
111. 



ROBOTICS  FOR P H Y S I C A L  S E C U R I T Y  

ROBART 11, A PROTOTYPE SENTRY ROBOT U S E D  FOR RESEARCH AND 
EVALUATION ( S E E  PAGE 112)  



PROJECT REVIEW: OPERATIONS 

ROBART I1 

R o b a r t  I1 is a b a t t e r y  powered autonomous r o b o t  b e i n g  b u i l t  by 
LCDR B a r t  E v e r e t t  o f  NAVSEA f o r  r e s e a r c h  and e d u c a t i o n a l  
p u r p o s e s ,  as a  much improved second g e n e r a t i o n  v e r s i o n  o f  E o b a r t  
I ,  a p r o t o t y p e  s e n t r y  r o b o t  b u i l t  a t  t h e  Naval  P o s t g r a d u a t e  
S c h o o l  i n  1981. An a r c h i t e c t u r e  o f  n i n e  d i s t r i b u t e d  mic ro -  
p r o c e s s o r s  makes p o s s i b l e  more advanced  c o n t r o l  s t r a t e g i e s  and 
v a s t l y  improved d a t a  a c q u i s i t i o n  c a p a b i l i t y .  Numerous s e n s o r s  are 
i n c o r p o r a t e d  i n t o  t h e  s y s t e m  t o  y i e l d  a p p r o p r i a t e  i n f o r m a t i o n  f o r  
u s e  i n  c o l l i s i o n  a v o i d a n c e ,  n a v i g a t i o n a l  p l a n n i n g ,  e n v i r o n m e n t a l  
a w a r e n e s s ,  a s s e s s i n g  t e r r a i n  t r a v e r s a b i l i t y ,  and p e r f o r m i n g  
s e c u r i t y  f u n c t i o n s .  

Two s e p a r a t e  d r i v e  m o t o r s  p r o v i d e  f o r  d i f f e r e n t i a l  s t e e r i n g ,  
a l l o w i n g  t h e  r o b o t  t o  t u r n  i n  p l a c e  w i t h  marked ly  improved 
m a n e u v e r a b i l i t y ,  g r e a t e r  s p e e d ,  and e x t e n d e d  r a n g e .  The e n t i r e  
u n i t  is a v a s t l y  improved m e c h a n i c a l  d e s i g n  housed i n  a  rugged 
and d u r a b l e  p l a s t i c  and f i b e r g l a s s  body.  S p e c i a l  i n t e r n a l  
c i r c u i t r y  c h e c k p o i n t s  a r e  a n a l y z e d  by s e l f  d i a g n o s t i c  s o f t w a r e ,  
and o p e r a t o r  a s s i s t a n c e  i s  r e q u e s t e d  i f  n e c e s s a r y  t h r o u g h  s p e e c h  
s y n t h e s i s .  

An a r r a y  o f  f i v e  u l t r a s o n i c  r a n g i n g  t r a n s d u c e r s  is  i n s t a l l e d  on 
t h e  f r o n t  of  t h e  body t r u n k  t o  p r o v i d e  d i s t a n c e  i n f o r m a t i o n  t o  
o b j e c t s  i n  t h e  p a t h  o f  t h e  r o b o t .  The s e q u e n t i a l l y  f i r e d  a r r a y  is 
c o n t r o l l e d  by a d e d i c a t e d  m i c r o p r o c e s s o r ,  which  p e r f o r m s  a l l  
t i m e - t o - d i s t a n c e  c o n v e r s i o n s  and t h e n  p a s s e s  t h e  r a n g e  
i n f o r m a t i o n  up  t h e  c o n t r o l  h i e r a r c h y  t o  t h e  s c h e d u l i n g  
m i c r o p r o c e s s o r .  A s i x t h  r a n g i n g  u n i t  is  l o c a t e d  on t h e  r o t a t i n g  
head a s s e m b l y ,  a l l o w i n g  f o r  r a n g e  measurements  t o  b e  made i n  
v a r i o u s  d i r e c t i o n s  as r e q u i r e d .  

T h e r e  are numerous p r o b l e m s  a s s o c i a t e d  w i t h  u l t r a s o n i c  r a n g i n g  
s y s t e m s  o p e r a t i n g  i n  a i r ,  t o  i n c l u d e  beam d i v e r g e n c e ,  s p e c u l a r  
r e f l e c t i o n ,  a d j a c e n t  s e n s o r  i n t e r a c t i o n  , t e m p e r a t u r e  d e p e n d e n c e ,  
and t h e  i n h e r e n t l y  s l o w  s p e e d  o f  sound.  F o r  t h i s  r e a s o n ,  s e v e r a l  
o p t i c a l l y - b a s e d  s y s t e m s  were d e v e l o p e d  f o r  u s e  on R o b a r t  11. A 
much improved v e r s i o n  o f  t h e  medium-range n e a r - i n f r a r e d  p r o x i m i t y  
d e t e c t o r  u sed  on R o b a r t  I employs a  programmable a r r a y  of  f o u r  
high-powered LED emitters,  w i t h  a n  i n c r e a s e d  r a n g e  o u t  t o  f i v e  
meters. The e x c e l l e n t  a n g u l a r  r e s o l u t i o n  o f  t h i s  s e n s o r  
complements  n i c e l y  t h e  r a n g e  i n f o r m a t i o n  o b t a i n e d  f rom t h e  
u l t r a s o n i c  r a n g e f i n d e r ,  and h a s  p roven  i n v a l u a b l e  a s  a  means o f  
g a t h e r i n g  r e l i a b l e  g e o m e t r i c  i n f o r m a t i o n  f o r  n a v i g a t i o n a l  
p u r p o s e s .  

A s t e r e o s c o p i c  v i s i o n  s y s t e m  p r o v i d e s  f o r  a d d i t i o n a l  h i g h  
r e s o l u t i o n  d a t a  a c q u i s i t i o n ,  and i s  t h e  r o b o t ' s  p r i m a r y  means o f  
l o c a t i n g  and t r a c k i n g  t h e  beacon  on t h e  r e c h a r g i n g  s t a t i o n .  The 
s y s t e m  d o e s  n o t  r e p r e s e n t  a t r u e  t h r e e - d i m e n s i o n a l  c a p a b i l i t y ,  
however ,  i n  t h a t  e a c h  o f  t h e  cameras  c o n s i s t s  o f  a  h o r i z o n t a l l y -  
o r i e n t e d  l i n e a r  a s  opposed t o  two-d imens iona l  CCD a r r a y .  
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ROBART I1 (Continued) 

The c a m e r a s  i n  e f f e c t  p r o v i d e  n o  v e r t i c a l  r e s o l u t i o n ,  b u t  f u r n i s h  
r a n g e  and b e a r i n g  i n f o r m a t i o n  on i n t e r e s t  p o i n t s  d e t e c t e d  i n  t h e  
h o r i z o n t a l  p l a n e  c o i n c i d e n t  w i t h  t h e i r  r e s p e c t i v e  o p t i c a l  a x e s ,  
1 1 0  c e n t i m e t e r s  above  t h e  f l o o r .  T h i s  is c o n s i s t e n t ,  however ,  
w i t h  t h e  two-d imens iona l  s i m p l i f i e d  wor ld  model employed by t h e  
r o b o t ,  w h e r e i n  o b j e c t s  are r e p r e s e n t e d  b y  t h e i r  p r o j e c t i o n  on t h e  
X-Y p l a n e ,  and h e i g h t  i n f o r m a t i o n  is n o t  t a k e n  i n t o  a c c o u n t .  

A s t r u c t u r e d  l i g h t  s o u r c e  i s  employed i n  c o n j u n c t i o n  w i t h  t h e s e  
s t e r e o  c a m e r a s  f o r  r a n g i n g  p u p o s e s .  A 6V i n c a n d e s c e n t  lamp is 
p u l s e d  a t  a b o u t  a 1 0  hz  ra te ,  and p r o j e c t s  a s h a r p l y  d e f i n e d  V- 
shaped  p a t t e r n  a c r o s s  t h e  i n t e r s e c t i o n  of  t h e  camera  p l a n e  w i t h  
t h e  t a r g e t  s u r f a c e .  T h i s  g r e a t l y  improves  s y s t e m  p e r f o r m a n c e  when 
v i ewing  s c e n e s  w i t h  l i m i t e d  c o n t r a s t .  The i n c a n d e s c e n t  s o u r c e  was 
c h o s e n  o v e r  a n  a c t i v e  laser  d i o d e  emitter b e c a u s e  of s i m p l i c i t y ,  
t h e  r e s p o n s e  c h a r a c t e r i s t i c s  of  t h e  CCD a r r a y s ,  and t h e  l i x i t e d  
r a n g e  r e q u i r e m e n t s  f o r  a n  i n d o o r  s y s t e m .  

V a r i o u s  s e n s o r s  a r e  p r o v i d e d  on t h e  p r o t o t y p e  t o  d e t e c t  s p e c i a l  
a l a r m  c o n d i t i o n s ,  s u c h  , a s  f i r e ,  smoke, t o x i c  g a s ,  f l o o d i n g ,  
v i b r a t i o n ,  and i n t r u s i o n .  F i v e  t r u e  i n f r a r e d  mot ion  d e t e c t o r s  a r e  
employed t o  d e t e c t  t h e  p r e s e n c e  o f  a n  i n t r u d e r  up  t o  7 5  f e e t  
away, r e a c t i n g  t o  t h e  t h e r m a l  r a d i a t i o n  e m i t t e d  by  t h e  human 
body. Four o p t i c a l  mo t ion  d e t e c t o r s  and a programmable microwave 
mot ion  d e t e c t o r  mounted on t h e  head p r o v i d e  a d d i t i o n a l  s e n s i n g  
c a p a b i l i t y  i n  t h i s  r e g a r d .  

R o b a r t  I1 is b e i n g  c o n s t r u c t e d  i n  a  modular  f a s h i o n  t o  maximize 
f l e x i b i l i t y  i n  t h e  e v a l u a t i o n  o f  s p e c i f i c  components ,  s u c h  a s  
d i f f e r e n t  d r i v e  mechanisms,  s e n s o r  s u i t e s ,  e n d - e f f e c t o r s ,  etc.  A 
j o i n t  r e s e a r c h  e f f o r t  w i t h  t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f  
Technology  (MITI A r t i f i c i a l  I n t e l 1  i g e n c e  L a b o r a t o r y  is a d d r e s s i n g  
t h e  p rob lems  a s s o c i a t e d  w i t h  autonomous n a v i g a t i o n  of  s u c h  
s y s t e m s ,  and d e v e l o p i n g  a p p r o p r i a t e  s i m u l a t i o n  programs and p a t h  
p l a n n i n g  a l g o r i t h m s .  The p r i n c i p l e  r e s e a r c h e r  is M s .  A n i t a  F l y n n ,  
a  fo rmer  co-op s t u d e n t  a t  NSWC. 
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ROBART I 1  I S  THE SECOND GENERATION VERSION OF ROBART I, AN AUTON- 
OMOUS ROBOT DESIGNED FOR RESEARCH AND DEVELOPMENT PURPOSES. THE 
ARCHITECTURE OF T H I S  SENTRY ROBOT, C O N S I S T I N G  OF N I N E  D I S T R I B U T E D  
MICROPROCESSORS, PROVIDES A S I G N I F I C A N T  UPGRADE I N  C A P A B I L I T Y  
MAKING P O S S I B L E  MORE ADVANCED CONTROL STRATEGIES AND GREATLY 
INCREASED DATA A C Q U I S I T I O N .  
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ROBOTICS AND ARTIFICIAL INTELLIGENCE DATABASE 

Under t h e  d i r e c t i o n  o f  SEA 90G, t h e  R o b o t i c s  and A r t i f i c i a l  
I n t e l l i g e n c e  D a t a b a s e  ( R A I D )  was d e v e l o p e d  t o  p romote  t e c h n o l o g y  
t r a n s f e r  and f a c i l i t a t e  t h e  c o o r d i n a t i o n  o f  DOD-sponsored 
r e s e a r c h .  T h i s  o n - l i n e  compu te r  d a t a b a s e  , o p e r a t i o n a l  s i n c e  F Y  
8 4 ,  u s e s  t h e  INGRES 3.0 r e l a t i o n a l  d a t a b a s e  management s y s t e m .  
T h r e e  b road  c a t e g o r i e s  o f  i n f o r m a t i o n  are p r e s e n t l y  implemented .  

The P r o j e c t  I n f o r m a t i o n  S e c t i o n  a n s w e r s  t h e  "what" ,  " f o r  
whom", and "wheren q u e s t i o n s  by  i d e n t i f y i n g  t h e  P r i n c i p a l  
I n v e s t i g a t o r ,  t h e  s p o n s o r ,  and t h e  s i t e  o f  t h e  r e s e a r c h  
a c t i v i t y .  T h i s  i n f o r m a t i o n  is compi l ed  f rom a v a r i e t y  o f  
s o u r c e s ,  i n c l u d i n g  DD-1498 fo rms  . The d a t a b a s e  s e a r c h  
methodology  i s  based  on a p r o j e c t ' s  component  t e c h n o l o g y  and 
i t s  specific a p p l i c a t i o n .  The f  i n a n c i a l / c o n t r a c t u a l  
i n f o r m a t i o n  f u r t h e r  expands  t h e  c o v e r a g e  o f  t h e  o r g a n i z a t i o n  
c o n d u c t i n g  t h e  r e s e a r c h ,  p r o v i d e s  t h e  p r o j e c t ' s  s t a r t / e n d  
d a t e s ,  s u p p l i e s  t h e  f u n d i n g  l e v e l ,  and d i s p l a y s  o t h e r  d a t a  
p e r t i n e n t  t o  t h e  management o f  t h e  p r o j e c t .  

The C o n t a c t s  I n f o r m a t i o n  S e c t i o n  i n c l u d e s  t h e  a d d r e s s  , phone  
number,  s p e c i a l  i n t e r e s t  a r e a s ,  and e l e c t r o n i c  m a i l i n g  
a d d r e s s  o f  p e o p l e  and o r g a n i z a t i o n s  i n  t h e  f i e l d  who are 
a s s o c i a t e d  w i t h  r o b o t i c s  w i t h i n  DOD, i n d u s t r y ,  and academia .  

a The B i b l i o g r a p h i c  R e f e r e n c e s  S e c t i o n  is c u r r e n t l y  b e i n g  
i n s t a l l e d ,  and w i l l  c o n t a i n  t h e  t i t l e s ,  a u t h o r s ,  and a s h o r t  
a b s t r a c t  o f  t h e  work f o r  p e r t i n e n t  r o b o t i c s / a r t i f i c i a l  
i n t e l l i g e n c e  l i t e r a t u r e  f rom b o t h  DOD and p r i v a t e  s o u r c e s .  
When c o m p l e t e ,  t h i s  s e c t i o n  w i l l  be l i n k e d  t o  t h e  t e c h n i c a l  
l i b r a r i e s  a t  NSWC ( R o b o t i c s )  and NRL ( A r t i f i c i a l  
I n t e l l i g e n c e )  t h r o u g h  a  m i c r o f i c h e  a r c h i v i n g  s y s t e m .  

RAID is i n s t a l l e d  on a VAX-11/780 compu te r  a t  t h e  Naval  Ocean 
Sys tems  C e n t e r  (NOSC) , San Diego ,  C a l i f o r n i a .  NOSC was c h o s e n  
f o r  t h i s  r o l e  by SEA 90G b e c a u s e  o f  a c t i v e  p rog rams  i n  r o b o t i c s  
and a r t i f i c i a l  i n t e l l i g e n c e ,  p l u s  e x p e r i e n c e  i n  te lecommuni-  
c a t i o n s  and d a t a b a s e  management. R A I D  c u r r e n t l y  c o n t a i n s  more 
t h a n  700 p r o j e c t s .  P o i n t s  o f  c o n t a c t  a v a i l a b l e  t h r o u g h  t h e  
d a t a b a s e  number g r e a t e r  t h a n  l , O O O ,  w h i l e  t h e  number o f  
r e g i s t e r e d  u s e r  o r g a n i z a t i o n s  i s  a p p r o x i m a t e l y  50.  R A I D  is 
a c c e s s i b l e  t h r o u g h  t h e  MILNET/ARPANET m i l i t a r y  communica t ions  
ne twork  and NOSC w i l l  a r r a n g e  i n s t a l l a t i o n  o f  e l e c t r o n i c  m a i l  
s e r v i c e  t o  u s e r s  who d o  n o t  have  it a t  t h e i r  s i t e .  Non- 
gove rnmen t  u s e r s  w i t h o u t  MILNET a c c e s s  c a n  o b t a i n  RAID 
i n f o r m a t i o n  t h r o u g h  t h e  D e f e n s e  T e c h n i c a l  I n f o r m a t i o n  C e n t e r  
( D T I C )  . The U. S. Army and t h e  D e f e n s e  Advanced R e s e a r c h  
P r o j e c t s  Agency (DARPA) have  j o i n e d  SEA 90G i n  s p o n s o r i n g  t h i s  
p r o j e c t ,  and R A I D  s e r v e s  a s  t h e  o f f i c i a l  d a t a b a s e  f o r  t h e  t r i -  
s e r v i c e  J o i n t  Technology  P a n e l  f o r  R o b o t i c s  (JTPR). 
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ROBOTICS AND ARTIFICIAL INTELLIGENCE DATABASE ( C o n t i n u e d )  

On- l ine  h e l p  is a v a i l a b l e  i n  t h e  u s e  o f  a l l  f e a t u r e s  o f  RAID.  
T h i s  is augmented by  a c o m p r e h e n s i v e  Users Manual which  is 
p e r i o d i c a l l y  u p d a t e d .  Cus tomized  s e a r c h  s e r v i c e s  a r e  p r o v i d e d  by  
t h e  R A I D  a d m i n i s t r a t o r  f o r  u s e r s  who r e q u e s t  s u c h  a s s i s t a n c e .  
A l s o ,  a c u r r e n t  c a l e n d a r  o f  c o n f e r e n c e s  and m e e t i n g s  p e r t a i n i n g  
t o  r o b o t i c s  and autonomous s y s t e m s  is a v a i l a b l e  o n - l i n e .  
F i n a l l y ,  a Management I n f o r m a t i o n  System module t h a t  w i l l  
a c c u r a t e l y  r e f l e c t  t h e  u s e  o f  RAID is  i n  t h e  p l a n n i n g  s t a g e s .  

Wi th  t h e  d a t a  c o l l e c t i o n ,  v a l i d a t i o n ,  s t o r a g e  and r e t r i e v a l  
mechan ic s  i n  p l a c e ,  a t t e n t i o n  w i l l  now be g i v e n  t o  making more 
e f f e c t i v e  u s e  o f  t h i s  s i n g u l a r  c a p a b i l i t y .  I n i t i a t i v e s  i n  t h e s e  
a r e a s  are d i s c u s s e d  i n  t h e  Technology  T r a n s f e r  (page  144) and FY 
86 O b j e c t i v e s  (page  158) s e c t i o n s  o f  t h i s  r e p o r t .  
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JOINT TECHNOLOGY PANEL FOR ROBOTICS 

The t r i - s e r v i c e  J o i n t  Technology  P a n e l  f o r  R o b o t i c s  (JTPR) was 
e s t a b l i s h e d  d u r i n g  FY 84 by  t h e  J o i n t  D i r e c t o r s  o f  L a b o r a t o r i e s  
( J D L )  . The c h a r t e r ,  s i g n e d  J u l y  2 ,  1984 ,  a s s i g n e d  b road  
r e s p o n s i b i l i t y  t o  t h e  JTPR t o  i n v e s t i g a t e  ongoing  and p l a n n e d  
e f f o r t s  i n  r o b o t i c s  and make recommendat ions  t o  t h e ,  JDL. 
LCDR Bart E v e r e t t ,  SEA 90G, was d e s i g n a t e d  as t h e  f i r s t  Navy 
r e p r e s e n t a t i v e  t o  t h i s  p a n e l .  

The work o f  t h e  JTPR and t h e  NAVSEA R o b o t i c s  Commit tee  is 
c l o s e l y  a l i g n e d .  JTPR h a s  a s e v e n - p a r t  m i s s i o n ,  f i r s t  o f  which  
is t o  p r o v i d e  t h e  JDL w i t h  recommendat ions  f o r  improving  r e s e a r c h  
and t e c h n o l o g y  b a s e  r e s o u r c e s  t h r o u g h  c o o p e r a t i v e  a c t i o n s  i n  
program p l a n n i n g  and e x e c u t i o n .  The p a n e l  is a l s o  c h a r g e d  w i t h  
r e s p o n s i b i l i t y  f o r  s e l e c t i n g  a r e a s  o f  r o b o t i c s  t e c h n o l o g y  
w a r r a n t i n g  m u l t i - s e r v i c e  a t t e n t i o n .  T h i s  c a l l s  f o r  d e v e l o p i n g  
and recommending y e a r l y  j o i n t  t e c h n o l o g y  b a s e  p rog rams  and t o  
i d e n t i f y  c r i t i c a l  i s s u e s ,  d e f i c i e n c i e s ,  r e s e a r c h  and t e c h n o l o g y  
g a p s ,  o r  a r e a s  t o  be deemphas i zed .  The m i s s i o n  a l s o  i n c l u d e s  a 
r e s p o n s i b i l i t y  f o r  f o s t e r i n g  and p romot ing  c r o s s - f e r t i l i z a t i o n  o f  
a l l  r o b o t i c  r e s e a r c h  and t e c h n o l o g y  base r e s o u r c e s ,  i n c l u d i n g  
f a c i l i t i e s ,  manpower and e x p e r t i s e ,  and t e c h n o l o g i c a l  p rog rams ,  
and t o  c o o r d i n a t e  and e x p e d i t e  t r a n s £  er o f  p r o v e n  new t e c h n o l o g y  
t o  o t h e r  s e r v i c e  a p p l i c a t i o n s .  F i n a l l y ,  t h e  JTPR is r e s p o n s i b l e  
f o r  c o o r d i n a t i n g  w i t h  o t h e r  JDL p a n e l s ,  p a r t i c u l a r l y  t h e  
S t r a t e g i c  Computing Technology  P a n e l ,  t o  p r o v i d e  a  c o h e r e n t  
p i c t u r e  o f  t h e  i n t e r r e l a t i o n s h i p  o f  a c t i v i t i e s .  



J O I N T  TECHNOLOGY P A N E L  FOR R O B O T I C S  

0 E S T A B L I S H E D  B Y  J O I N T  D I R E C T O R S  OF L A B O R A T O R I E S  

0 A S S I G N E D  BROAD M I S S I O N :  

- P R O V I D E  J D L  OVERVIEW 
- I D E N T I F Y  M U L T I S E R V I C E  THRUST AREAS 
- RECOMMEND J O I N T  TECHNOLOGY B A S E  PROGRAM 
- I D E N T I F Y  C R I T I C A L  AREAS 
- P R O V I D E  T R I - S E R V I C E  C O O R D I N A T I O N  
- COORDINATE TECHNOLOGY TRANSFER ACROSS S E R V I C E  L I N E S  
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PROJECT REVIEW: OPERATIONS 

ACTIVE 3-D VISION 

The A c t i v e  3-D V i s i o n  Sys tem unde r  deve lopmen t  by  Case  Western  
R e s e r v e  U n i v e r s i t y  u s e s  a  l a s e r  s c a n n i n g  t e c h n i q u e  t o  v iew a 
h e m i s p h e r i c a l  image s p a c e  and d e t e r m i n e  t h e  t h r e e - d i m e n s i o n a l  
p o s i t i o n  and o r i e n t a t i o n  o f  o b j e c t s  w i t h i n  t h a t  s p a c e .  S p e c i a l  
e m p h a s i s  is p l a c e d  on a c h i e v i n g  t h e  f o l l o w i n g :  a) h i g h  s c a n  
s p e e d ,  b)  h i g h  r e s o l u t i a n  images ,  and c )  a c c u r a t e  3-D d e s c r i p t i o n  
o f  t h e  image s p a c e  w i t h  a  minimum number o f  p o i n t s  s c a n n e d .  

A p a i r  o f  r o t a t i n g  m i r r o r s  is  used  t o  s c a n  t h e  beam o f  a  low 
power H e N e  laser a c r o s s  t h e  s c e n e  o f  i n t e r e s t .  The image s p a c e  
is  segmented  i n t o  a 64x64 e l e m e n t  r a d i a l  m a t r i x .  When an  o b j e c t  
i n t e r s e c t s  a m a t r i x  e l e m e n t  and t h e  l a s e r  beam c r o s s e s  t h e  
c o o r d i n a t e s  o f  t h a t  e l e m e n t ,  t h e  beam s t r ikes  t h e  o b j e c t .  The 
o b j e c t  s c a t t e r s  and r e f l e c t s  t h e  l i g h t  which is c o l l e c t e d  and 
scanned  a c r o s s  a n  o p t i c a l  d e t e c t o r  by  t h e  r o t a t i n g  m i r r o r s .  The 
r a n g e  t o  t h e  o b j e c t  c a n  t h e n  be c a l c u l a t e d  b e c a u s e  t h e r e  is  a n  
i n v e r s e  r e l a t i o n s h i p  be tween  t h e  p u l s e - w i d t h  o f  t h e  c a p t u r e d  
l i g h t  and t h e  d i s t a n c e  f rom t h e  m a t r i x  i n t e r s e c t i o n  t o  t h e  
d e t e c t o r .  T h i s  p u l s e - w i d t h  p a r a m e t e r  c a n  a l s o  be used  t o  
d e t e r m i n e  t h e  s p e e d  a t  which t h e  s e n s o r ' s  e n v i r o n m e n t  c a n  be  
mapped. 



A C T I V E  3 - D  V I S I O N  

@ DEVELOPMENT BY CASE WESTERN RESERVE U N I V E R S I T Y  

@ CHARACTERIST ICS:  

- SCANNING H e N e  LASER 
- DETERMINES 3-D P O S I T I O N  AND O R I E N T A T I O N  OF OBJECTS 

W I T H I N  HEMISPHERICAL IMAGE SPACE 

@ S P E C I A L  EMPHASIS: 

- H I G H  SPEED SCAN 
- H I G H  RESOLUTION IMAGES 
- ACCURATE 3 -D  D E S C R I P T I O N  OF IMAGE SPACE 



PROJECT REVIEW: OPERATIONS 

NAVSEA AUTOMATED DATA SYSTEM ACTIVITY 

The NAVSEA Automated Data  System A c t i v i t y  (SEAADSA), t h e  C e n t r a l  
Des ign Agency f o r  NAVSEA, is p r o v i d i n g  d e s i g n ,  development ,  
implementa t ion  and main tenance  of s t a n d a r d  automated i n f o r m a t i o n  
sys tems  i n  s u p p o r t  of  NAVSEA s h o r e  a c t i v i t i e s  ( H e a d q u a r t e r s ,  
Naval S h i p y a r d s ,  Naval I n d u s t r i a l  Ordnance A c t i v i t i e s ,  SUPSHIP, 
PERAs, and r e l a t e d  a c t i v i t i e s ) .  SEAADSA is  c h a r t e r e d  by and 
r e p o r t s  t o  t h e i r  p a r e n t  c o d e ,  I n f o r m a t i o n  Systems Improvement 
P r o j e c t  (PMS 309) on a l l  m a t t e r s  r e l a t e d  t o  automated d a t a  
p r o c e s s i n g  (ADPI a p p l i c a t i o n s .  The  Advanced Technology D i v i s i o n  
r e s e a r c h e s ,  e v a l u a t e s  , and recommends f o r  implementa t ion  t h o s e  
c o n c e p t s ,  t o o l s ,  t e c h n i q u e s ,  methods, and p r o c e d u r e s  t o  advance  
t h e  i n t r o d u c t i o n  and u s e  of i n f o r m a t i o n  t echno logy  th roughou t  
NAVSEA . 
SEAADSA h a s  completed and d i s t r i b u t e d  a  document on i n t e l l i g e n t  
sys tems  which examines a r t i f i c i a l  i n t e l l i g e n c e  and how i t  f i t s  
i n t o  NAVSEA1s f u t u r e .  F u r t h e r  r e s e a r c h  and e v a l u a t i o n  is  planned 
f o r  e x p e r t  s y s  tern t echno logy .  

SEAADSA i n t e n d s  t o  d e v e l o p  an ADP Technology and T r a i n i n g  C e n t e r .  
T h i s  f a c i l i t y  would p r o v i d e  t o  NAVSEA employees hands-on 
g u i d a n c e ,  c o n s u l t a t i o n  o r  t r a i n i n g  on computer p r o d u c t s ,  
t e c h n i q u e s  and advancements .  T h e  p r i m a r y  o b j e c t i v e s  of  t h e  
c e n t e r  a r e  to :  

Improve NAVSEArs m i s s i o n  p r o d u c t i v i t y  th rough  a p p l i c a t i o n  
of  automated s u p p o r t  t o  b u s i n e s s  p r o c e s s e s .  

S a t i s f y  a  need f o r  c e n t r a l  c l e a r i n g  house of ADP 
i n f o r m a t i o n  and s u p p o r t .  



NAVSEA AUTOMATED DATA SYSTEM A C T I V I T Y  

0 SUPPORTS NAVSEA SHORE A C T I V I T I E S  PROVIDING:  

- DESIGN 

- DEVELOPMENT 

- IMPLEMENTATION 

- MAINTENANCE OF STANDARD AUTOMATED INFORMATION SYSTEMS 

0 RECOMMENDS IMPLEMENTATION OF TECHNIQUES TO ADVANCE THE 

INTRODUCTION AND USE OF INFORMATION TECHNOLOGY I N  NAVSEA 

0 DEVELOPING AN ADP TECHNOLOGY AND T R A I N I N G  CENTER: 

- IMPROVE THE U T I L I Z A T I O N  OF ADP HARDWARE AND SOFTWARE 

TOOLS. 

- A S S I S T  WITH SELECTION AND CONFIGURATION OF THE R I G H T  TOOL 

FOR THE JOB. 

- PROVIDE GUIDANCE AND ASSISTANCE I N  I N I T I A T I N G  PROTOTYPES 

FOR AUTOMATING B U S I N E S S  PROCESSES. 

- CONDUCT DEMONSTRATIONS AND T R A I N I N G  FOR SELECTED ADP 

D E C I S I O N  SUPPORT C A P A B I L I T I E S .  

- PROVIDE GUIDANCE ON B A S I C  AND NECESSARY ADP PROCEDURES 

(E.G., BACKUP AND RECOVERY, SECURITY,  STANDARDS, PROCESS 

DEVELOPMENT AND REFINEMENT) .  

- PROVIDE F A C I L I T Y  AND E X P E R T I S E  FOR T R A I N I N G  ON 

MICROCOMPUTERS, WORKSTATIONS, DATA COMMUNICATIONS, 

GRAPHICS, EXPERT SYSTEMS, ETC. 
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SECTION I I I - TECHNOLOGY CONCERNS 

THIS SECTION ADDRESSES THE IMPORTANCE OF CONDUCTING THOROUGH 
TECHNOLOGY ASSESSMENTS TO ESTABLISH A BASELINE FOR FURTHER DEVEL- 
OPMENT OF APPLICATIONS OF ROBOTIC TECHNOLOGY. A SUMMARY OF CER- 
TAIN TECHNOLOGY DEF I C I  ENCI ES I S  PRESENTED, AND THE IMPORTANCE OF 
A WORKING TECHNOLOGY TRANSFER MECHANISM I S  STRESSED, 

@ TECHNOLOGY ASSESSMENT 

# APPLICATION STUDIES AND REPORTS 

@ AREAS OF NEEDED RESEARCH AND DEVELOPMENT 

@ TECHNOLOGY TRANSFER 



TECHNOLOGY CONCERNS 

TECHNOLOGY ASSESSMENT 

I n  o r d e r  f o r  NAVSEA t o  a d a p t  emerging r o b o t i c  t echno logy  t o  
a p p l i c a t i o n s  i n  s h i p b u i l d i n g ,  r e p a i r ,  and o p e r a t i o n s ,  c o n t i n u o u s  
e f f o r t  must b e  d i r e c t e d  toward r e f i n i n g  and i n t e g r a t i n g  a v a i l a b l e  
knowledge of t echno logy  w i t h  a p p l i c a t i o n  needs .  Technology 
b a s e l i n e  a s s e s s m e n t s  a r e  mechanisms t h a t  e s t a b l i s h  awareness  of 
t h e  s t a t e - o f  - t h e - a r t ,  c o n t r i b u t e  t o  d e t e r m i n i n g  whether  
a p p l i c a t i o n s  a r e  f e a s i b l e ,  and a i d  i n  d e f i n i t i o n  of  t echno logy  
d e f i c i e n c i e s .  

The p r o c e s s  of  d i s c o v e r i n g  p o t e n t i a l  a p p l i c a t i o n s  and upda t ing  
t h e  b a s e l i n e  assessment  f o r  r o b o t i c  t echno logy  i n  t h e  Navy i s  an 
i n i t i a l  s t e p .  The c h a l l e n g e  remains  t o  f u r t h e r  d e v e l o p  t h e  
t echno logy .  A major o b j e c t i v e  is t h e  s e l e c t i o n ,  devel ,opment ,  and 
implementa t ion  o f  r o b o t i c s  a p p l i c a t i o n s  on a  programmed b a s i s .  
D e c i s i o n s  on a r e a s  t o  p u r s u e .  must r e f l e c t  an i n t e g r a t i o n  of  
needs ,  c o s t s ,  and t e c h n o l o g i c a l  r i s k  a s s e s s m e n t .  I n  e v a l u a t i n g  
t h e  p o t e n t i a l  a p p l i c a t i o n s  and comparing a v a i l a b l e  t echno logy  t o  
a c t u a l  needs ,  i t  becomes e v i d e n t  t h a t  i m p o r t a n t  r e s e a r c h  a r e a s  
need t o  b e  addressed  i n  o r d e r  t o  proceed w i t h  development .  

The o p p o r t u n i t y  t o  p r o g r e s s  f u r t h e r  e x i s t s .  An a r t i c u l a t i o n  of 
common g o a l s  and o b j e c t i v e s ,  an  i n t e g r a t e d  approach t o  o r g a n i z i n g  
p r o j e c t  a c t i v i t y  and t h e  programmatic  fund ing  needed t o  i n i t i a t e  
and f o l l o w  th rough  t o  implementa t ion  is e s s e n t i a l .  The f u l l  
p o t e n t i a l  of  r o b o t i c s  and autonomous sys tems  c a n n o t  be  r e a l i z e d  
u n t i l  t h e  program e v o l v e s  from a  patchwork of d i v e r s e  e f f o r t s ,  
funded from a  v a r i e t y  of u n r e l a t e d  s o u r c e s ,  t o  a  f u l l y  funded and 
i n t e g r a t e d  Navy program. The F Y  86 P l a n n i n g  O b j e c t i v e s  (page  
158) and t h e  Out-Year P l a n n i n g  I n i t i a t i v e s  (page  162)  se t  down 
t h e  i n i t i a t i v e s  and r e s o u r c e s  needed t o  d e v e l o p  t h e  s h o r t  and 
long  term e f f o r t s  r e q u i r e d .  



TECHNOLOGY ASSESSMENT 

@ I N T E G R A T I O N  OF A V A I L A B L E  TECHNOLOGY W I T H  A P P L I C A T I O N  NEEDS: 

- S H I P B U I L D I N G  

- WEAPONS MANUFACTURING 

- R E P A I R  AND REFURBISHMENT 

- MAINTENANCE 

- OPERATIONS 

@ B A S E L I N E  ASSESSMENTS RESULT I N :  

- INCREASED AWARENESS OF THE STATE-OF-THE-ART 

- DETERMINATION OF F E A S I B I L I T Y  OF A P P L I C A T I O N S  

- D E F I N I T I O N  OF TECHNOLOGY V O I D S  

- RECOMMENDED ALTERNATE COURSES OF A C T I O N  

- COMMUNICATION OF F I N D I N G S  THROUGH TECHNOLOGY TRANSFER 

@ TECHNOLOGY DEVELOPMENT: 

- REPRESENTS A MAJOR CHALLENGE 

- I D E A L L Y  EVOLVES FROM TECHNOLOGY ASSESSMENT 

- REQUIRES A PROGRAMMATIC APPROACH 

- DEPENDS ON I D E N T I F I C A T I O N  OF NEEDED RESEARCH AREAS 

0 PROGRAM REQUIREMENTS: 

- FUNDING 

- I N T E G R A T I O N  

- IMPLEMENTATION 



TECHNOLOGY CONCERNS 

APPLICATION STUDIES AND REPORTS 

An i m p o r t a n t  s u b g o a l  of t h e  I n t e g r a t e d  Robot ics  Program is t h e  
need t o  e s t a b l i s h  a  comprehens ive  i n v e n t o r y  of Navy needs  f o r  
r o b o t i c s  a p p l i c a t i o n s ,  and e s t a b l i s h  and m a i n t a i n  a  c u r r e n t  
f e a s i b i l i t y  and c o s t  b e n e f i t  r e l a t i o n s h i p  between Navy needs  and 
emerging r o b o t i c s  t echno logy .  During F Y  85, a c t i v i t i e s  w i t h i n  
NAVSEA, o t h e r  Navy o f f i c e s ,  u n i v e r s i t i e s ,  and p r i v a t e  i n d u s t r y ,  
were reviewed t o  d e t e r m i n e  what developments  i n  t h e  r o b o t i c s  
t echno logy  envi ronment  would a p p l y  t o  Navy needs .  Some of t h e  
more s i g n i f i c a n t  r e p o r t s ,  s t u d i e s ,  and p l a n s  a r e :  

CNA Research  Memorandum 85-100, "Manning I m p l i c a t i o n s  of  
Enhanced Shipboard  Automation i n  U.S. Navy Sh ips"  - a s t u d y  
i n i t i a t e d  i n  J u l y  1985 a t  t h e  r e q u e s t  of  t h e  Deputy Chie f  of  
Naval O p e r a t i o n s  f o r  P l a n s ,  P o l i c y  and O p e r a t i o n s .  T h e  
p r imary  o b j e c t i v e  of  t h e  s t u d y  was t o  c o n s i d e r  g e n e r a l  
sh ipboard  s y s  tems i n  w h i c h  i n c r e a s e d  l e v e l s  of  automat  ion  
a r e  f e a s i b l e  and t o  assess t h e  r e s u l t i n g  manning impl ica -  
t i o n s  . 
Sensor  Survey - a s u r v e y  and assessment  o f  o f f - t h e - s h e l f  
s e n s o r s  s u i t a b l e  f o r  c o l l i s i o n  avo idance  and n a v i g a t i o n a l  
purposes  was begun by SEA 90G2 a t  t h e  R o b o t i c s  L a b o r a t o r y ,  
NSWC/WO f o r  t h e  purpose  of  d e v e l o p i n g  a t echno logy  awareness  
b a s e l i n e  i n  s u p p o r t  of  mobi le  a p p l i c a t i o n s .  

"White Paper"  on S t r a t e g i e s  f o r  Development of  Robo t ics  
Technology f o r  t h e  Navy - prepared  by SEA 90G f o r  
c o n s i d e r a t i o n  by t h e  O f f i c e  o f  Naval Resea rch /Of f i ce  of  
Naval Technology (ONR/ONT) t o  d e l i n e a t e  numerous a r e a s  of 
needed r e s e a r c h  and development .  

Robot ic  Developments i n  Suppor t  o f  Naval O p e r a t i o n s  - a 
s t u d y  by S c i e n c e  A p p l i c a t i o n s  I n t e r n a t i o n a l ,  I n c . ,  f o r  SEA 
90G, i n v e s t i g a t i n g  methods t o  b e t t e r  i n t e g r a t e  NAVSEA1s 
f u t u r e  r o b o t i c s  e f f o r t s  t o  a d d r e s s  f l e e t  o p e r a t i o n s  and 
o p e r a t i o n a l  s u p p o r t .  

Robo t i c  Technology i n  S h i p b u i l d i n g  A p p l i c a t i o n s  - a r e p o r t  
p repared  by LCDR E v e r e t t ,  SEA 90G, and R. L .  J e n k i n s ,  David 
Tay lo r  Naval S h i p  Research and Development C e n t e r ,  
d i s c u s s i n g  r o b o t i c  a p p l i c a t i o n s  w i t h i n  t h e  s h i p b u i l d i n g  
i n d u s t r y .  The r e p o r t  p r o v i d e s  b a s i c  background on t h e  
c u r r e n t  s t a t u s  of t h e  i n d u s t r y ,  t h e  n a v a l  s h i p  a c q u i s i t i o n  
p r o c e s s ,  and s h i p b u i l d i n g  i n  g e n e r a l ,  a long  w i t h  b r i e f  
t e c h n i c a l  d e s c r i p t i o n s  of s p e c i f i c  development  p r o j e c t s  
aimed a t  f i l l i n g  some of  t h e  t e c h n o l o g i c a l  v o i d s .  



TECHNOLOGY CONCERNS 

APPLICATION STUDIES AND REPORTS (Cont inued)  

Robot ics  i n  t h e  Navy - a two-par t  a r t i c l e  w r i t t e n  by LCDR 
E v e r e t t  and p u b l i s h e d  i n  8QB-S a, w h i c h  p r o v i d e s  a n  
i n t r o d u c t i o n  t o  key Navy o r g a n i z a t i o n s  i n  t h e  r o b o t i c s  
f i e l d ,  and a p p l i c a t i o n s  b e i n g  pursued by NAVSEA i n  
i n d u s t r i a l  and n o n - i n d u s t r i a l  a r e a s  . 
S e n t r y  and S e c u r i t y  A p p l i c a t i o n s  o f  Robot ic  Technology - an 
a r t i c l e  w r i t t e n  by LCDR E v e r e t t  d i s c u s s i n g  t h e  u s e  of 
r o b o t i c s  t echno logy  i n  s u p p o r t  of  p h y s i c a l  s e c u r i t y  needs .  

A p p l i c a t i o n  of  R o b o t i c s  Technology t o  CW Defense  i n  t h e  
Combat I n f o r m a t i o n  C e n t e r  ( C I C )  of  a n  LHA C l a s s  S h i p  - a  
s t u d y  sponsored  by NAVSEA 05R16 t o  d e v e l o p  recommendations 
c o n c e r n i n g  c o n c e p t u a l  r o b o t i c s / a r t i f  i c i a l  i n t e l l i g e n c e  
sys tems  w h i c h  might  b e  adap ted  t o  enhance  performance  and 
i n c r e a s e  s u r v i v a b i l i t y  of t h e  C I C  of  an LHA C l a s s  Amphibious 
A s s a u l t  S h i p .  

Robo t ics  P r o j e c t s  f o r  Near-Term Shipyard  Implementa t ion  - 
SEA 90G recommended three low-r isk  p r o j e c t s  t o  SEA 070 f o r  
immediate implementa t  ion  i n  Naval s h i p y a r d s .  

T e c h n i c a l  Overview o f  I n t e l l i g e n t  Systems - a  s t u d y  p r e p a r e d  
by t h e  NAVSEA Automated Data  Systems A c t i v i t y  (NAVSEAADSA), 
which t r i g g e r e d  a  c o o r d i n a t i n g  c o n f e r e n c e  w i t h  SEA 90G t o  
f a c i l i t a t e  communicat ions and t echno logy  t r a n s f e r .  

Robot ic  Requirements  S tudy  f o r  Shipboard  A p p l i c a t i o n s  - a  
p r e l i m i n a r y  s t u d y  was conducted  by O d e t i c s  C o r p o r a t i o n ,  
under  t h e  Small  B u s i n e s s  I n n o v a t i v e  Research  (SBIR) Program, 
t o  d e t e r m i n e  t h e  r e q u i r e m e n t s  f o r  n o n - i n d u s t r i a l  o p e r a t i o n a l  
a p p l i c a t i o n s  f o r  r o b o t i c s - r e l a t e d  t e c h n o l o g i e s .  

Numerous p o t e n t i a l  r o b o t i c s  t echno logy  a p p l i c a t i o n  a r e a s  have 
been i d e n t i f i e d  which m e r i t  i n v e s t i g a t i o n .  The m a j o r i t y  of  
a p p l i c a t i o n s  under c o n s  i d e r a t i o n  i n v o l v e  haza rdous  and mundane 
t a s k s  w h i c h ,  i f  s u c c e s s f u l ,  w i l l  f ree  human a s s e t s  t o  accompl i sh  
o t h e r  i m p o r t a n t  and p r o d u c t i v e  u n s t r u c t u r e d  t a s k s  w h i c h  r e q u i r e  
t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of f l e x i b i l i t y  and judgement. 
Assessments ,  s t u d i e s ,  and r e p o r t s  of  t h i s  n a t u r e  a r e  a  key f a c t o r  
c o n t r i b u t i n g  t o  t echno logy  t r a n s f e r  and i n c r e a s e d  awareness  of 
t h e  p o t e n t i a l  of  r o b o t i c  and autonomous sys tems  i n  Navy 
a p p l i c a t i o n s .  
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NAVAL OPERATIONS SUPPORT 

During F Y  85, S c i e n c e  A p p l i c a t i o n s  I n t e r n a t i o n a l  C o r p o r a t i o n  
(SAIC) was t a s k e d  by SEA 90G t o  c o n d u c t  a  f o u r - p a r t  s t u d y  on 
r o b o t i c s  development  i n  s u p p o r t  of  n a v a l  o p e r a t i o n s .  The s t u d y  
inc luded  an  assessment  of r o b o t i c s / a d v a n c e d  automat ion  r e l a t e d  t o  
t h i s  a r e n a ,  and i d e n t i f i e d  NAVSEA c o n s i d e r a t i o n s  f o r  a p p l i c a t i o n  
of  t h a t  t echno logy  t o  t h e  Navy o p e r a t i o n a l  env i ronment .  The 
s t u d y  a l s o  examined ongoing n o n - i n d u s t r i a l  r o b o t i c s  p r o j e c t s  
sponsored  by NAVSEA t o  i d e n t i f y  t e c h n i c a l  and programmatic  
o b s t a c l e s  impeding t h e  p r o j e c t s  ' p r o g r e s s .  The f i n d i n g s  of t h o s e  
e x a m i n a t i o n s  were used t o  c o n s t r u c t  a  workable  model f o r  
management of  f u t u r e  n o n - i n d u s t r i a l  r o b o t i c  development  e f f o r t s .  

R.obotic sys tems  developed f o r  Navy n o n - i n d u s t r i a l  u s e  must meet 
performance  r e q u i r e m e n t s  f o r  m i l i t a r y  sys tems  i n  g e n e r a l ,  b u t  
s p e c i a l  a t t e n t i o n  must b e  devo ted  t o  some a s p e c t s  of  t h a t  
development .  P r o j e c t  managers and o t h e r  p e r s o n n e l  i n t e r v i e w e d  i n  
t h e  c o u r s e  of  t h e  s t u d y  b e l i e v e d  t h a t  r o b o t i c  sys tems  c a n  one 
day  e f f e c t i v e l y  pe r fo rm a  v a r i e t y  of  m i s s i o n s .  S u p p o r t a b i l i t y  of  
r o b o t i c  s y s t e m s ,  however, was a  major c o n c e r n  of  t h o s e  
i n t e r v i e w e d .  S p e c i f i c a l l y ,  t h e r e  was concern  t h a t  manpower 
r e q u i r e m e n t s  might  i n c r e a s e ,  sys tems  might  n o t  have h igh  l e v e l s  
of a v a i l a b i l i t y ,  and t h e  s u p p l y  sys tem might  n o t  b e  a d e q u a t e  t o  
p r o v i d e  n e c e s s a r y  p a r t s  s u p p o r t .  The o t h e r  major  c o n s i d e r a t i o n s  
f o r  NAVSEA u s e  of r o b o t i c  sys tems  were f o r  t o l e r a n c e  of the 
marine  env i ronment ,  and i n t e r f a c e  w i t h  c u r r e n t  s h i p  d e s i g n s .  
These i s s u e s  must b e  f o r m a l l y  addressed  i n  t h e  r o b o t i c  s y s t e r  
development  p r o c e s s .  P r o g r e s s  i n  d e v e l o p i n g  r o b o t i c  sys tems  w i t h  
n e c e s s a r y  a t t r i b u t e s  must be  wide ly  p u b l i c i z e d  t o  a s s u r e  NAVSEA 
program managers t h a t  r o b o t i c  sys tems  c a n  b e  s u c c e s s f u l l y  
a p p l i e d  t o  o p e r a t i o n a l  needs .  

Nine ongoing n o n - i n d u s t r i a l  r o b o t i c s  development  p r o j e c t s  were 
examined by t h e  SAIC r e p o r t .  I t  is  n o t a b l e  t h a t  a l l  of t h e  
p r o j e c t s  i n v o l v e  mobi le  p l a t f o r m s  and remote c o n t r o l .  
S i m i l a r i t i e s  i n d i c a t e  t h a t  c o n s i d e r a b l e  s a v i n g s  c o u l d  r e s u l t  from 
exchange of  t e c h n i c a l  i n £  ormat ion  among o r g a n i z a t i o n s  d e v e l o p i n g  
r o b o t i c  sys tems .  

The r e p o r t  summarized t h a t  NAVSEA shou ld  t a k e  advan tage  of t h e  
p o t e n t i a l  of  r o b o t i c s  t echno logy  t o  e f f e c t i v e l y  meet t h e  
i n c r e a s i n g  demands of  t h e  Navy i n  an  envi ronment  of l i m i t e d  
r e s o u r c e s .  The problem is  t o  i d e n t i f y  t h e  a p p r o p r i a t e  p l a c e s  f o r  
a p p l i c a t i o n  of  t h a t  t echno logy .  Once wor thwhi le  a p p l i c a t i o n s  
have been i d e n t i f i e d ,  NAVSEA c a n  d e v e l o p  t h e  a p p r o p r i a t e  s y s  terns 
under t h e  e x i s t i n g  o r g a n i z a t i o n a l  s t r u c t u r e ,  w i t h  s u p p o r t  from 
in-house r o b o t i c s  e x p e r t s  i n  SEA 90G. The development  p r o c e s s  
can  be a c c e l e r a t e d  by SEA 90G v i a  improvements i n  communication 
between t e c h n i c a l  and management communi t ies .  



NAVAL OPERATIONS SUPPORT 

8 ROBOTICS DEVELOPMENT I N  SUPPORT OF NAVAL OPERATIONS 

0 PREPARED BY SCIENCE A P P L I C A T I O N S  I N T E R N A T I O N A L  

CORPORATION ( S A I C )  

0 EXAMINED N I N E  ONGOING NON- INDUSTRIAL  ROBOTICS 

DEVELOPMENT PROJECTS: 

REMOTE CONTROL F I R E F I G H T I N G  PLATFORM (RCFP)  

ADVANCED UNDERWATER SEARCH SYSTEM (AUSS)  

FREE SWIMMING V E H I C L E  

ADVANCED DEVELOPMENT REMOTELY OPERATED V E H I C L E  

(ADROV) 

REMOTELY OPERATED V E H I C L E  FOR EMPLACEMENT AND 

RECONNAISSANCE (ROVER) 

SEMI-AUTONOMOUS M O B I L E  SYSTEM FOR ORDNANCE 

N E U T R A L I Z A T I O N  (SAMSON) 

REMOTE CONTROL RECONNAISSANCE MONITOR (RECORM) 

REMOTELY OPERATED M O B I L E  EXCAVATOR (ROME) 

HEAVY EQUIPMENT REMOTE CONTROL (HERC) 

@ S I M I L A R I T I E S  I N D I C A T E  SAVINGS P O T E N T I A L  THROUGH EXCHANGE 

OF TECHNICAL  INFORMATION 
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MANPOWER, PERSONNEL, AND TRAINING 

The Deputy C h i e f  E n g i n e e r  f o r  L o g i s t i c s  (CHENG/L) , Manpower, 
P e r s o n n e l ,  and T r a i n i n g  (MP&T) D i v i s i o n  h a s  i n i t i a t e d  a  R o b o t i c s  
Manpower, P e r s o n n e l ,  and T r a i n i n g  Impac t  A n a l y s i s ,  a t  t h e  r e q u e s t  
o f  SEA 90G, t o  d e t e r m i n e  f u t u r e  MP&T r e q u i r e m e n t s .  J o h n  Gorman 
(CEL-MP-16) is  t h e  p r o j e c t  manager f o r  t h i s  e f f o r t .  

The e f f e c t i v e n e s s  o f  a  new s y s t e m  o f t e n  d e p e n d s  on how well i t  
i n t e r f  aces w i t h  t h e  human o p e r a t o r  and m a i n t e n a n c e  t e c h n i c i a n .  
Too o f t e n  t h i s  r e l a t i o n s h i p  is  o v e r l o o k e d  u n t i l  l a t e  i n  t h e  
a c q u i s i t i o n  p r o c e s s ,  and a s  a  r e s u l t  t h e  s y s t e m ,  when i n t r o d u c e d  
i n t o  t h e  f l e e t ,  f a i l s  t o  meet i t s  p e r f o r m a n c e  g o a l s  o r  r e q u i r e s  
e x t e n s i v e  m a n p o w e r / s k i l l  s u p p o r t .  T h i s  s i t u a t i o n  p l a c e s  an 
a d d i t i o n a l  bu rden  on a l r e a d y  t a x e d  s k i l l  i n v e n t o r i e s ,  r e q u i r e s  
e x p e n s i v e  t r a i n i n g  p i p e l i n e s ,  y e t  is i n  most  c a s e s  a v o i d a b l e .  

E a r l y  i d e n t i f i c a t i o n  of  MP&T r e q u i r e m e n t s  c a n  h e l p  e l i m i n a t e  
t h e s e  p rob lems  t h r o u g h  b e t t e r  p l a n n i n g  and more e f f i c i e n t  u s e  o f  
r e s o u r c e s .  A d d i t i o n a l l y ,  e a r l y  MP&T i d e n t i f i c a t i o n  c a n  p r o v i d e  
i n p u t  f o r  c o n s i d e r a t i o n  i n  t h e  d e s i g n  o f  a  s y s t e m .  Requ i r emen t s  
f o r  new s y s t e m s  w i l l  fo rm one  o f  t h e  ma jo r  t h r u s t s  o f  t h e  
R o b o t i c s  MP&T e f f o r t  and w i l l  b e  d e t e r m i n e d  u s i n g  a b a s e l i n e  
compar i son  s y s t e m  methodology .  The r e s u l t s  o f  t h e s e  a n a l y s e s  
w i l l  i d e n t i f y  t h e  need f o r  new s k i l l  r e q u i r e m e n t s ,  d e t e r m i n e  
t r a i n i n g  c o n c e p t s ,  and p r o v i d e  e s t i m a t e s  o f  r e q u i r e d  MP&T f i s c a l  
and p e r s o n n e l  r e s o u r c e s .  MP&T r e q u i r e m e n t s  w i l l  a l s o  b e  examined 
w i t h  r e s p e c t  t o  p r o j e c t e d  f u t u r e  r e q u i r e m e n t s .  T h i s  i n f o r m a t i o n  
w i l l  b e  u s e f u l  t o  d e c i s i o n  makers  i n  s e l e c t i o n  o f  a  d e s i g n  op- 
t i o n .  These  w i l l  be ongo ing  e f f o r t s  i n  F Y  86. 

The o t h e r  t h r u s t  o f  t h i s  e f f o r t  i s  deve lopmen t  o f  a  g e n e r a l  
t r a i n i n g  c r i t e r i a .  Based on a n a l y s i s  o f  i n d i v i d u a l  s y s t e m  
r e q u i r e m e n t s ,  t h i s  s t u d y  w i l l  i d e n t i f y  r e q u i r e m e n t s  t h a t  a r e  
common t o  a  number o f  s y s t e m s .  T h i s  d a t a  w i l l  b e  used t o  form a 
g e n e r i c  t r a i n i n g  p i p e l i n e .  T h i s  t y p e  o f  t r a i n i n g  r e d u c e s  t h e  
need t o  t e a c h  s i m i l a r  s k i l l s  i n  i n d i v i d u a l  c o u r s e s  and is t h e r e -  
f o r e  more c o s t  e f f e c t i v e .  T h i s  w i l l  b e  a  c o n t i n u i n g  e f f o r t  a s  
s y s t e m s  d a t a  becomes a v a i l a b l e .  



MANPOWER, PERSONNEL, AND T R A I N I N G  

0 ROBOTICS MANPOWER, PERSONNEL, AND T R A I N I N G  (MP&T) 

A N A L Y S I S  I N I T I A T E D  BY NAVSEA DEPUTY C H I E F  ENGINEER FOR 

L O G I S T I C S  

0 MAN/MACHINE INTERFACE R E L A T I O N S H I P  OFTEN OVERLOOKED: 

- PERFORMANCE GOALS IMPACTED 

- MAY REQUIRE E X T E N S I V E  MANPOWER/SKILL SUPPORT 

0 EARLY I D E N T I F I C A T I O N  OF MP&T REQUIREMENTS E S S E N T I A L :  

- E S T A B L I S H  I N P U T  NECESSARY TO SYSTEM DESIGN 

- I D E N T I F Y  S K I L L  REQUIREMENTS 

- EXPLORE T R A I N I N G  CONCEPTS 

- DETERMINE NEEDED F I S C A L  AND PERSONNEL RESOURCES 

0 DEVELOPMENT OF GENERAL T R A I N I N G  C R I T E R I A :  

- D E F I N E  COMMON SYSTEM REQUIREMENTS 

- E S T A B L I S H  GENERIC T R A I N I N G  P I P E L I N E  
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ROBOTIC REQUIREMENTS STUDY FOR SHIPBOARD APPLICATIONS 

The Smal l  B u s i n e s s  I n n o v a t i v e  R e s e a r c h  (SBIR) program s p o n s o r e d  
b y  t h e  Depa r tmen t  o f  D e f e n s e  e n c o u r a g e s  s m a l l  b u s i n e s s  f i r m s  w i t h  
s t r o n g  r e s e a r c h  and deve lopmen t  c a p a b i l i t i e s  t o  s u b m i t  p r o p o s a l s  
on i n n o v a t i v e  c o n c e p t s  r e l a t e d  t o  i m p o r t a n t  d e f e n s e - o r i e n t e d  
s c i e n t i f i c  o r  e n g i n e e r i n g  p r o b l e m s .  The SBIR program h a s  
p r o v i d e d  an  e f f e c t i v e  mechanism f o r  i n i t i a t i n g  s t u d i e s  and 
p rog rams  i n  s u p p o r t i n g  r o b o t i c  t e c h n o l o g i e s .  

The R o b o t i c s  Lab a t  t h e  Naval  S u r f a c e  Weapons C e n t e r ,  Whi te  O a k ,  
MD a c t e d  as p r o j e c t  manager f o r  t h e  "Survey  o f  R o b o t i c  
Requ i r emen t s  f o r  Nava l  F i r e f i g h t i n g  and O t h e r  S h i p b o a r d  
A p p l i c a t i o n s "  a s  a  p a r t  of a NAVSEA-sponsored SBIR e f f o r t .  The 
P h a s e  I s t u d y  was c o n d u c t e d  by  O d e t i c s  C o r p o r a t i o n  o f  Anaheim, CA 
t o  i n v e s t i g a t e  r e q u i r e m e n t s  f o r ,  n o n - i n d u s t r i a l  a p p l i c a t i o n s  f o r  
r o b o t i c s - r e l a t e d  t e c h n o l o g i e s .  The e f f o r t  supp lemen ted  NSWC1s 
F i r e f i g h t e r  Program (which  t r a n s i t i o n e d  f rom NAVSEA t o  NAVAIR i n  
F Y  85) and examined p o t e n t i a l  a p p l i c a t i o n s  t o  o t h e r  s h i p b o a r d  
h a z a r d o u s  d u t y  o p e r a t i o n s  as well. 

C u r r e n t  s h i p b o a r d  f i r e f i g h t i n g  p r o c e d u r e s  and r e q u i r e m e n t s  were 
compi l ed  and examined .  I n  a d d i t i o n ,  a  t o p - l e v e l  i n v e s t i g a t i o n  o f  
o t h e r  p o t e n t i a l  a p p l i c a t i o n s  was made i n  o r d e r  t o  i d e n t i f y  t h o s e  
w i t h  b e n e f i t s  ( e s p e c i a l l y  f o r  manpower r e d u c t i o n )  f o r  s h o r t - t e r m  
deve lopmen t  and d e m o n s t r a t i o n  tests .  The m o s t  p r o m i s i n g  of t h e s e  
areas were b a t t l e  damage i n v e s t i g a t i o n  and c o n t r o l ,  o p e r a t i o n s  
u n d e r  nuclear/chemical/biological war£ are c o n d i t i o n s ,  e x p l o s i v e  
o r d n a n c e  h a n d l i n g ,  and s e c u r i t y / s e n t r y  f u n c t i o n s .  

A p r o p o s a l  t o  d e v e l o p  s p e c i f i c  a p p l i c a t i o n  c o n c e p t s  based  on t h i s  
i n i t i a l  s u r v e y  w i l l  b e  e v a l u a t e d  f o r  P h a s e  I1 c o n t i n u a t i o n  o f  
t h i s  SBIR e f f o r t .  

INTERMEDIATE MAINTENANCE ACTIVIm AUTOMATED WORKCENTER 

SEA 56x52, when f u n d e d ,  p l a n s  t o  i n s t a l l  two compu te r  n u m e r i c a l  
c o n t r o l  (CNC) t u r n i n g  c e n t e r s  a t  t h e  I n t e r m e d i a t e  A c t i v i t y  
M a i n t e n a n c e  ( IMA) l e v e l  f o r  s h i p b o a r d  test and e v a l u a t i o n  i n  
s u p p o r t  of a  t e n t a t i v e  o p e r a t i o n a l  r e q u i r e m e n t  (TOR) f o r  a F Y  90 
AR s h i p  d e s i g n .  One t u r n i n g  c e n t e r  w i l l  b e  i n s t a l l e d  on a 
d e s t r o y e r  t e n d e r  and one  on a submar ine  t e n d e r .  These  t u r n i n g  
c e n t e r s  are c o m m e r c i a l l y  a v a i l a b l e  w i t h  a  CNC c o n t r o l l e r  hav ing  
i n t e r a c t i v e  g r a p h i c s  and u s e r - f r i e n d l y  programming.  T h i s  program 
w i l l  i n t r o d u c e  n u m e r i c a l - c o n t r o l l e d  machine  t o o l s  t o  t h e  s h i p  
e n v i r o n m e n t  i n  order t o  d e t e r m i n e  t h e  impac t  on s a i l o r - m a c h i n e  
and mach ine - sh ip  i n t e r f a c e  p rob lems  and i s s u e s  i n v o l v i n g  
t r a i n i n g ,  r ework ,  r e p e a t a b i l i t y ,  q u a l i t y  a s s u r a n c e ,  o p e r a t i o n a l  
a v a i l a b i l i t y ,  l o g i s t i c s  and m a i n t e n a n c e .  



ROBOTIC REQUIREMENTS STUDY FOR SHIPBOARD A P P L I C A T I O N S  

a SURVEY OF N A V Y  ROBOTICS REQUIREMENTS: 
- I N V E S T I G A T E D  REQUIREMENTS FOR NON- INDUSTRIAL  

A P P L I C A T I O N S  
- NAVSEA-SPONSORED SMALL BUSINESS I N N O V A T I V E  RESEARCH 

( S B I R )  PROGRAM 
- P R E L I M I N A R Y  STUDY BY ODETICS CORPORATION 

- COMPILED CURRENT SHIPBOARD F I R E F I G H T I N G  PROCEDURES 

AND REQUIREMENTS 
- I N V E S T I G A T E D  P O T E N T I A L  A P P L I C A T I O N S  FOR SHORT TERM 

DEVELOPMENT AND DEMONSTRATION TESTS 

0 PROMIS ING AREAS: 
- BATTLE DAMAGE I N V E S T I G A T I O N  AND CONTROL 

- OPERATIONS UNDER NUCLEAR/CHEMICAL/BIOLOGICAL 

CONDIT IONS 
- E X P L O S I V E  ORDNANCE HANDLING 

- SECURITYISENTRY FUNCTIONS 

I N T E R M E D I A T E  MAINTENANCE A C T I V I T Y  AUTOMATED WORKCENTER 

0 TEST AND EVALUATION OF COMPUTER NUMERICAL CONTROL 

TURNING CENTERS I N  SHIPBOARD ENVIRONMENT 

a DETERMINE IMPACT ON: 
- SAILOR-MACHINE INTERFACE PROBLEMS 

- MACHINE-SHIP  INTERFACE PROBLEMS 

- S A I L O R  T R A I N I N G  I S S U E S  

- REDUCTIONS I N  M A T E R I A L  SCRAP AND REWORK I S S U E S  

- INCREASED R E P E A T A B I L I T Y  I S S U E S  

- INCREASED Q U A L I T Y  ASSURANCE I S S U E S  

- OPERATIONAL A V A I L A B I L I T Y  (Ao) I S S U E S  

- L O G I S T I C S  AND MAINTENANCE I S S U E S  
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ROBOTIC TECHNOLOGY 

Q u e s t i o n :  What is  meant by t h e  term " r o b o t i c s  technology"?  

At tempts  t o  d e f i n e  a " r o b o t "  have been made by many 
o r g a n i z a t i o n s ,  i n c l u d i n g  t h e  Robot ics  I n d u s t r i e s  A s s o c i a t i o n  and 
t h e  Naval A i r  Systems Command. None o f  t h e s e  d e f i n i t i o n s  a r e  
a d e q u a t e  f o r  Navy-wide u s e  i n  b o t h  t h e  i n d u s t r i a l  and non- 
i n d u s t r i a l  s e n s e .  

I n d u s t r y  d e f i n i t i o n s  l a c k  o p e r a t i o n a l  ( n o n - i n d u s t r i a l )  
o r i e n t a t i o n .  

S e r v i c e  d e f i n i t i o n s  d o  n o t  a d e q u a t e l y  a d d r e s s  m i l i t a r y  
manufac tu r ing  and r e p a i r  ( i n d u s t r i a l )  a p p l i c a t i o n s .  

The J o i n t  Technology P a n e l  f o r  Robo t ics  (JTPR) , on b e h a l f  of t h e  
J o i n t  D i r e c t o r s  of L a b o r a t o r i e s  (JDL), has  e s t a b l i s h e d  t h e  
f o l l o w i n g  d e f i n i t i o n  o f  a  robot :  

"A s y s t e m  i n c o r p o r a t i n g  a  computer c o n t r o l l e r  t o  p r o v i d e  
autonomy and r e p r o g r a m m a b i l i t y ,  w h i c h  employs an end- 
e f f e c t o r  of  some t y p e  ( m a n i p u l a t o r  arm o r  m o b i l e  p l a t f o r m ) ,  
w h i c h  e x h i b i t s  f l e x i b i l i t y  i n  t h e  r o l e s  w h i c h  i t  c a n  pe r fo rm 
o r  t h e  equipment  w i t h  which it i n t e r f a c e s ,  and which 
pe r fo rms  tasks of  a c o m p l e x i t y  l e v e l  t h a t  p r e v i o u s l y  
r e q u i r e d  human c o n t r o l  ." 

The i s s u e ,  however, i s  n o t  r e a l l y  t h e  d e f i n i t i o n  of  a  " r o b o t n ,  
b u t  r a t h e r  what is meant by " r o b o t i c  technology."  The f i e l d  of 
r o b o t i c s  (assume f o r  now t h e  JTPR d e f i n i t i o n )  is  s u p p o r t e d  by t h e  
d i s c i p l i n e s  o f  ma themat ics ,  computer  s c i e n c e  ( t o  i n c l u d e  
a r t i f i c i a l  i n t e l l i g e n c e )  , mechanica l  and e l e c t r i c a l  e n g i n e e r i n g ,  
m a t e r i a l s ,  p h y s i c s ,  psychology,  and anatomy. These s u p p o r t i n g  
d i s c i p l i n e s  r e q u i r e d  t o  c o n s t r u c t  a  mechan ica l  sys tem,  endow i t  
w i t h  i n t e l l i g e n c e ,  and p r o v i d e  t h e  n e c e s s a r y  s e n s o r  d a t a  upon 
which t o  a c t ,  c a n  c o l l e c t i v e l y  b e  termed r o b o t i c  t echno logy .  

There  is no u n i v e r s a l l y  a c c e p t e d  d e f i n i t i o n  of  a " r o b o t " ,  b u t  
t h a t  p u t  f o r t h  by t h e  JTPR a p p e a r s  t h e  most a p p r o p r i a t e  f o r  t h i s  
d i s c u s s i o n .  Rev i s ion  of  t h e  JTPR d e f i n i t i o n  w i l l  add c o n f u s i o n ,  
b u t  w i l l  n o t  n e c e s s a r i l y  g a i n  a c c e p t a n c e .  

A l l  t h e  s u p p o r t i n g  d i s c i p l i n e s  c o n t r i b u t i n g  t o  t h e  s u c c e s s f u l  
f i e l d i n g  o f  an i n t e l l i g e n t  sys tem a s  s o  d e f i n e d  c a n  b e  c o n s i d e r e d  
" r o b o t i c  technology"  when t h u s  employed. 

The JTPRVs  d e f i n i t i o n  o f  r o b o t i c s  shou ld  b e  used t o  f a c i l i t a t e  
d e t e r m i n a t i o n  of t e c h n o l o g i e s  t h a t  shou ld  b e  pursued i n  s u p p o r t  
o f  r o b o t i c s  sys tem development .  
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ROBOTIC TECHNOLOGY DEFICIENCIES 

Ongoing 6.3 development  e f f o r t s  have shown t h e  r e q u i r e m e n t  f o r  
more s u p p o r t i v e  6.1 and 6.2 r e s e a r c h .  For  t h e  i n c r e a s i n g  number 
of i d e n t i f i e d  p o t e n t i a l  Navy a p p l i c a t i o n s ,  t h e r e  a r e  known 
d e f i c i e n c i e s  i n  s u p p o r t i n g  t e c h n o l o g i e s  t h a t  w i l l  impede, i f  n o t  
p r e c l u d e ,  s u c c e s s f  u l  implementa t ion  of  r o b o t i c  s o l u t i o n s  ., These 
c a n  b e  subd iv ided  i n t o  two g e n e r a l  c a t e g o r i e s :  " I n d u s t r i a l "  and 
"Non- indus t r i a l " .  The examples c i t e d  below c a n  b e  t r a c e d  t o  
specific p r o t o t y p e  development  needs  i n  e x i s t i n g  NAVSEA programs.  
The c e n t r a l i z e d  development  of  g e n e r i c  t echno logy  i n  r e s p o n s e  t o  
t h e s e  i s s u e s  w i l l  r e s u l t  i n  s u b s t a n t i a l  c o s t  s a v i n g s  t o  t h e  Navy 
th rough  avo idance  o f  unwanted redundancy.  A d d i t i o n a l  c o s t  s a v i n g s  
w i l l  b e  r e a l i z e d  th rough  t h e  a t t a i n m e n t  o f  a p p l i c a t i o n  g o a l s  
o t h e r w i s e  n o t  t e c h n o l o g i c a l l y  f e a s i b l e .  

NAVY-UNIQUE INDUSTRIAL NEEDS 

For  t h e  most p a r t  these needs  r e f l e c t  fundamenta l  d i f f e r e n c e s  
between c o n v e n t i o n a l  high-volume assembly- l ine  s c e n a r i o s  found 
t h r o u g h o u t  i n d u s t r y ,  and v e r y  low volume, u n s t r u c t u r e d  
envi ronments  of Navy a p p l i c a t i o n s  i n  manufac tu r ing  and r e p a i r .  I t  
is t h i s  l a t t e r  a r e a  where t h e  major  impact  of  r o b o t i c s  on t h e  
Navy is p r e d i c t e d  t o  o c c u r .  T h i s  a r e n a  h a s  been v i r t u a l l y  
untouched by i n d u s t r i a l  developments .  Examples of  needed r e s e a r c h  
a r e :  

On-l ine Programming Techniques  - A c c e p t a b l e  methods must be 
developed t o  a l l o w  fa s t e r  programming f o r  low volume 
a p p l i c a t i o n s .  Conven t iona l  t e a c h  p e n d a n t s  employed by i n d u s t r y  
a r e  i m p r a c t i c a l  i n  Navy s c e n a r i o s .  Opt ions  i n c l u d e  l a s e r - b a s e d  
t a r g e t  d e s i g n a t  i o n  s y s t e m s ,  s i x  degree-of-freedom j o y s t i c k s ,  
v o i c e  i n p u t ,  e tc .  

O f f - l i n e  Programming Techniques  - P r a c t i c a l  methods must b e  
d e v i s e d  t o  p r o v i d e  th ree -d imens iona l  d a t a  d e s c r i b i n g  p a r t  
g e o m e t r i e s  f o r  u s e  i n  g e n e r a t i n g  r o b o t  motion p r o g r a m .  T h i s  
r e q u i r e s  i n t e r f a c i n g  w i t h ,  and augmenting,  e x i s t i n g  and f u t u r e  
computer-aided-design (CAD) s y s  terns, and development  of 
v o l u m e t r i c  d i g i t i z i n g  t e c h n i q u e s  and s e n s o r s .  I n  a d d i t i o n ,  
p r o c e s s  c o n t r o l  i n f o r m a t i o n  d e p i c t i n g  pa ramete r  v a l u e s  and 
sequence  of  o p e r a t i o n s  must b e  c l e a r l y  p r e s e c t e d  i n  t h e  d e s i g n  
d a t a b a s e  t o  a l l o w  i n t e l l i g e n t  r o b o t i c  s y s t e r s  t o  a d d r e s s  low 
volume, u n s t r u c t u r e d  s c e n a r i o s  t y p i c a l  of Navy a p p l i c a t i o n s .  

P a t h  P l a n n i n g  f o r  I n d u s t r i a l  Robots - A p p r o p r i a t e  a l g o r i t h m s  must 
b e  developed t o  a u t o m a t i c a l l y  g e n e r a t e  optimum m a c i p u l a t o r  
and e n d - e f f e c t o r  r e s p o n s e s  from g e o m e t r i c  and p r o c e s s  c o n t r o l  
d a t a  d i s c u s s e d  above.  
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NAVY-UNIQUE INDUSTRIAL NEEDS (Cont inued)  

C o l l i s i o n  Avoidance - S p e c i a l i z e d  a l g o r i t h m s  must be  d e v i s e d  t o  
e n s u r e  r o b o t  motion t r a j e c t o r i e s  and p r o c e s s  sequences  
c a l c u l a t e d  i n  an o f f - l i n e  mode d o  n o t  c r e a t e  haza rdous  s i t u a t i o n s  
i n  terms of  damage t o  t h e  workpiece ,  equipment ,  o r  o p e r a t i n g  
p e r s o n n e l .  T h i s  r e q u i r e s  e x t e n s i v e  dynamic modeling of 
r o b o t i c  sys tems ,  workp ieces  and a s s o c i a t e d  env i ronments .  

S e n s o r s  t o  Suppor t  C o l l i s i o n  Avoidance - Three-dimensional  
imaging s e n s o r s  a r e  r e q u i r e d  t o  d e t e r m i n e  p a r t  l o c a t i o n  and 
o r i e n t a t i o n  f o r  i n p u t  t o  t h e  c o l l i s i o n  a v o i d a n c e  s o f t w a r e  
r o u t i n e s ,  as w e l l  a s  i d e n t i f y  d i s c r e p a n c i e s  between expec ted  
and a c t u a l  c o n d i t i o n s .  

Real Time P r o c e s s  C o n t r o l  S e n s o r s  and Algor i thms  - Automatic  and 
a d a p t i v e  p r o c e s s  c o n t r o l  i s  e s s e n t i a l  i f  r o b o t i c  sys tems  a r e  t o  
b e  employed i n  Navy i n d u s t r i a l  s c e n a r i o s ,  d u e  t o  u n s t r u c t u r e d  
and changing working env i ronments .  Research  i s s u e s  i n c l u d e ,  b u t  
a r e  n o t  l i m i t e d  t o ,  weld p o o l  imaging s y s t e m s ,  i n f r a r e d  
thermography,  p a i n t  t h i c k n e s s  gauging , s u r f a c e  c l e a n l i n e s s  
s e n s o r s ,  and non-con tac t  measurement t e c h n i q u e s ,  seam 
t r a c k i n g  sys tems  and weld p r o c e s s  c o n t r o l  s t r a t e g i e s .  T y p i c a l  
a p p l i c a t i o n s  i n c l u d e  s u r f  a c e  p r e p a r a t i o n  and c o a t i n g ,  g a s  
metal a r c  we ld ing ,  l a s e r  meta lworking,  a p p l i c a t i o n  of f lame 
sp rayed  c o a t i n g s ,  g r i n d i n g  and p o l i s h i n g ,  n o n - d e s t r u c t i v e  
t e s t i n g ,  etc.  

Dynamic C o n t r o l  Techniques  - T h i s  is  a  c r i t i c a l  r e s e a r c h  i s s u e  
needed t o  s u p p o r t  d e s i g n  of  l a r g e  r o b o t i c  sys tems  c a p a b l e  of 
d e a l i n g  w i t h  mass ive  workp ieces  a s  encoun te red  i n  s h i p  and 
weapons sys tem manufac tu r ing  and r e p a i r  s c e n a r i o s .  Conven t iona l  
i n d u s t r i a l  r o b o t s  have i n  compar ison,  r a t h e r  l i m i t e d  working 
e n v e l o p e s .  They c a n  t h e r e f o r e  a s s i g n  c o n s t a n t  v a l u e s  t o  c o n t r o l  
sys tem p a r a m e t e r s  and mechanica l  p r o p e r t i e s  such  a s  moments of 
i n e r t i a ,  s t a t i c  and dynamic f r i c t i o n a l  f o r c e s .  I n  r e a l i t y ,  
however,  t h e s e  e n t i t i e s  a r e  n o t  f i x e d  v a l u e s ,  b u t  f u n c t i o n s  of 
m a n i p u l a t o r  and end-ef f  e c t o r  p o s i t i o n ,  v e l o c i t y ,  and 
a c c e l e r a t i o n ,  and a r e  f u r t h e r  a f  f e c t e d  by changing p a y l o a d s .  
Accuracy,  r e p e a t a b i l i t y ,  and sys tem r e s p o n s e  d e g r a d e  measurably  
a s  r e a l  world c o n d i t i o n s  v a r y  from i d e a l  a s sumpt ions ,  and l a r g e  
sys tems  w i l l  r e q u i r e  r e a l  t i m e  c a l c u l a t i o n  of  s e r v o  c o n t r o l  
mechanism t r a n s f e r  f u n c t i o n s  ( i  .e., g a i n s ,  damping c o e f f i c i e n t s ,  
e tc  . I  i n  o r d e r  t o  compensate.  

Computer S i m u l a t i o n  o f  Robot ic  Dev ices  - Much work is needed i n  
t h i s  a r e a  t o  p r o v i d e  g e n e r i c  t o o l s  needed f o r  o f f - l i n e  
programming, c o l l i s i o n  avo idance ,  p a t h  p l a n n i n g  and dynamic 
c o n t r o l  r e s e a r c h .  
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NAVY-UNIQUE INDUSTRIAL NEEDS (Cont inued)  

Gener ic  Rule-Based A r c h i t e c t u r e s  - The development  o f  a  g e n e r i c  
sys tem a r c h i t e c t u r e  f o r  ne tworking a modular c o l l e c t i o n  of  e x p e r t  
sys tems  w i t h  a p p r o p r i a t e  modular s e n s o r  and c o n t r o l l e r  
subsys tems i s  viewed as n e c e s s a r y  and d e s i r a b l e  f o r  complex Navy 
a p p l i c a t i o n s .  Such an  a r c h i t e c t u r e  would p r o v i d e  f o r  i n h e r e n t  
s t a n d a r d i z a t i o n  and a l l o w  f o r  e v o l u t i o n a r y  sys tem upgrades  
i n  r e s p o n s e  t o  componentry improvements.  The ru le -based  e x p e r t  
sys tems  a d d r e s s  t h e  CAD i n t e r f  a c e ,  p a t h  p l a n n i n g ,  c o l l i s i o n  
avo idance  and s c h e d u l i n g  f u n c t i o n s  d i s c u s s e d  above , and c o u l d  b e  
modif ied  th rough  r u l e  changes  t o  accommodate d i f f e r e n t  sys tem 
a p p l i c a t i o n s  w i t h o u t  e x t e n s i v e  r e d e s i g n .  

E x p e r t  System Development - G e n e r i c  r e s e a r c h  i n  e x p e r t  sys tem 
development is mandatory f o r  p r o v i d i n g  r e q u i r e d  sys tem 
i n t e l l i g e n c e  t o  a l l o w  c o n v e n t i o n a l  r o b o t i c  sys tems  t o  
a d d r e s s  complex Navy needs  i n  a p r a c t i c a l  f a s h i o n .  

S h i p  Motion E f f e c t s  - Research  i s  needed t o  i n v e s t i g a t e  
e f f e c t s  of  s h i p  motion on r o b o t  dynamics and equipment  l i f e .  

NON-INDUSTRIAL NEEDS 

The f o l l o w i n g  r e s e a r c h  needs  are r e q u i r e d  t o  s u p p o r t  o p e r a t i o n a l  
a p p l i c a t i o n s  of r o b o t i c s ,  embodied f o r  t h e  most p a r t  i n  mobi le  
sys tems .  I n i t i a l  emphasis  i n  p r o t o t y p e  development  w i l l  a d d r e s s  
haza rdous  o p e r a t i o n s  (EOD, NBC s c e n a r i o s )  and performance  of  
t a s k s  f o r  w h i c h  man i s  i n c a p a b l e .  As advances  are made i n  
s u p p o r t i n g  t e c h n o l o g i e s ,  t h e r e  w i l l  b e  a  n a t u r a l  t r e n d  from 
t e l e o p e r a t e d  t o  semi-autonomous and autonomous s y s t e m s .  

C o l l i s i o n  Avoidance f o r  Mobile  Robots - R e g a r d l e s s  of  
a p p l i c a t i o n ,  an  e s s e n t i a l  t e c h n o l o g i c a l  need f o r  any sys tem 
i n v o l v i n g  m o b i l i t y  w i l l  b e  t h e  c a p a b i l i t y  t o  avo id  impact  w i t h  
su r round ing  o b j e c t s .  The problems a s s o c i a t e d  w i t h  t h i s  need a r e  
two-fold: 1) a c q u i s i t i o n  of  h i g h  r e s o l u t i o n  g e o m e t r i c  d a t a  
d e s c r i b i n g  t h e  envi ronment ,  and 2) c o m p u t a t i o n a l  r e s o u r c e s  
needed t o  i n t e r p r e t  t h a t  d a t a .  

S e n s o r s  t o  Suppor t  C o l l i s i o n  Avoidance - The a c q u i s i t i o n  of  
g e o m e t r i c  d a t a  r e q u i r e s  development  of  h i g h  r e s o l u t i o n ,  low 
c o s t  non-con tac t  r ang ing  sys tems  c a p a b l e  o f  r e a l  time o p e r a t i o n .  
U l t r a s o n i c  r ang ing  sys tems  have s e r v e d  i n  t h i s  c a p a c i t y ,  b u t  
s u f f e r  from problems a s s o c i a t e d  w i t h  e x t r e m e l y  poor  a n g u l a r  
r e s o l u t i o n ,  t e m p e r a t u r e  dependence ,  s p e c u l a r  r e f l e c t i o n ,  
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i n t e r f e r e n c e  f rom a d j a c e n t  u n i t s  and t h e  r e l a t i v e l y  s l o w  s p e e d  
of  sound i n  a i r .  C o n v e n t i o n a l  l a s e r  r a n g e f i n d e r s  are 
p r o h i b i t i v e l y  e x p e n s i v e  i n  terms o f  i n i t i a l  c o s t s ,  p h y s i c a l  s i z e  
and e n e r g y  r e q u i r e m e n t s .  P r a c t i c a l  u n i t s  mus t  b e  employed i n  
s u f f i c i e n t  numbers t o  r a p i d l y  a c q u i r e  g e o m e t r i c  da t a  f o r  u s e  i n  
mode l ing  t h e  r o b o t ' s  s u r r o u n d i n g s ,  t o  s u p p o r t  d e c i s i o n s  on 
t e r r a i n  t r a v e r s i b i l i t y ,  and t o  a d d r e s s  e n v i r o n m e n t a l  a w a r e n e s s  
i n  g e n e r a l .  

N a v i g a t i o n a l  P l a n n i n g  for  Mobile Robo t s  - Mobi l e  autonomous and 
t e l e o p e r n t e d  s y s t e m s  must  b e  c a p a b l e  o f  d e t e r m i n i n g  t h e i r  
e x a c t  l o c a t i o n  as w e l l  a s  o r i e n t a t i o n  a t  t h a t  l o c a t i o n  i n  
o r d e r  t o  e f f e c t i v e l y  maneuver t o .  a  d e s i r e d  p o s i t i o n  t o  c i r c u m v e n t  
known o b s t r u c t i o n s  o r  h a z a r d s ,  o r  t o  a v o i d  d e t e c t i o n .  S e c o n d l y ,  
t h e s e  s y s t e m s  c a l c u l a t e  t h e  optimum p a t h  f o r  t r a v e r s i n g  from 
t h e i r  c u r r e n t  l o c a t i o n  t o  t h e  g o a l ,  a  t a s k  which  is c o m p u t a t i o n -  
a l l y  e x h a u s t i n g .  

S e n s o r s  t o  S u p p o r t  N a v i g a t i o n a l  P l a n n i n g  - The t a s k  o f  
a s c e r t a i n i n g  p o s i t i o n  and o r i e n t a t i o n  w i l l  r e q u i r e  d e v e l o p m e n t  o f  
low c o s t ,  a c c u r a t e  and r e l i a b l e  s e n s o r s  a n d / o r  n a v i g a t i o n a l  a i d s  
c u r r e n t l y  u n a v a i l a b l e .  

C o m p u t a t i o n a l  R e s o u r c e s  - Improved d a t a  p r o c e s s i n g  t e c h n i q u e s  and 
p i p e l i n e  and p a r a l l e l  p r o c e s s i n g  a r c h i t e c t u r e s  must  be d e v e l o p e d  
t o  h a n d l e  t h e  m a s s i v e  amounts  of d a t a ,  c a l c u l a t i o n s ,  and s y m b o l i c  
r e a s o n i n g  needed  t o  e m u l a t e  t h e  r e q u i r e d  d e g r e e  o f  i n t e l l i g e n c e  
f o r  e v e n  t h e  mos t  p r i m i t i v e  o f  s y s t e m s .  T h i s  is e s p e c i a l l y  
c r i t i c a l  f o r  a m o b i l e  s y s t e m ,  where  space and e n e r g y  r e s o u r c e s  
a r e  a t  a premium. 

A p p l i c a t i o n  S p e c i f i c  S e n s o r s  and C o n t r o l s  - T h i s  is t h e  non- 
i n d u s t r i a l  a n a l o g y  t o  p r o c e s s  c o n t r o l  s e n s o r s  i n  t h e  i n d u s t r i a l  
s e n s e .  F o r  a  g i v e n  f u n c t i o n a l  a p p l i c a t i o n  ( f i r e £  i g h t i n g ,  s e n t r y  
and s e c u r i t y  f u n c t i o n s ,  e x p l o s i v e  o r d n a n c e  d i s p o s a l . ,  mine 
p l a c e m e n t  and n e u t r a l i z a t i o n ,  u n d e r s e a  s e a r c h  and r e c o v e r y ,  
a i r b o r n e  s e n s o r  p l a t f o r m s ,  u n d e r w a t e r  s e n s o r  p l a t f o r m s ,  weapons 
h a n d l i n g ,  m a t e r i a l  h a n d l i n g ,  n u c l e a r  m a i n t e n a n c e ,  c o n t a i n m e n t ,  
s u r v e i l l a n c e ,  etc.)  a n  a p p r o p r i a t e  s e n s o r  s u i t e  and a s s o c i a t e d  
i n t e l l i g e n c e  w i l l  b e  r e q u i r e d .  

Motion E f f e c t o r s  - R e s e a r c h  is  needed t o  f u r t h e r  d e v e l o p  v a r i o u s  
t y p e s  o f  mot ion  e f f e c t o r s  ( t r a c k e d ,  whee led ,  l e g g e d ,  omni- 
d i r e c t i o n a l )  f o r  o p t i m a l  m a n e u v e r a b i l i t y ,  d e x t e r i t y ,  t r a c t i o n ,  
e t c .  
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Energy Sources  - Mobile sys tems  w i l l  r e q u i r e  a  p r a c t i c a l  onboard 
s o u r c e  of  ene rgy  t o  s u p p o r t  d r i v e  mechanisms, a c t u a t o r s ,  s e n s o r s ,  
and c o m p u t a t i o n a l  r e s o u r c e s .  

Man-Machine I n t e r f a c e  - C o n s i d e r a b l e  r e s e a r c h  is needed i n  t h i s  
a r e a  t o  e f f e c t i v e l y  enhance  t h e  human t r a n s f e r  f u n c t i o n  and a l l o w  
e f f i c i e n t  i n t e r a c t i o n  between t h e  o p e r a t o r  and complex 
t e l e o p e r a t e d  and semi-autonomous sys tems  under development .  

T r a i n i n g  and S e l f - D i a g n o s t i c s  - The impor tance  o f  t h i s  a r e a  
c a n n o t  b e  overemphasized.  Robo t ic  s y s t e m s  of  t h e  f u t u r e  w i l l  by 
n e c e s s i t y  b e  complex i n  n a t u r e ,  and n o t  w e l l  unders tood by t h e i r  
u s e r s .  S u b s t a n t i a l  g a i n s  i n  p r o d u c t i v i t y ,  q u a l i t y ,  o r  s a f e t y  
c o u l d  b e  e a s i l y  o f f s e t  by problems a s s o c i a t e d  w i t h  o p e r a t o r  
t r a i n i n g ,  sys tem i n t e g r a t i o n  and maintenance  and r e p a i r .  I t  is 
i m p r a c t i c a l  t o  a t t e m p t  t o  p r o v i d e  s k i l l  l e v e l s  needed t o  
s u p p o r t  such  equipment  th rough  c o n v e n t i o n a l  means. Such a c t i o n  
would be p r o h i b i t i v e l y  e x p e n s i v e ,  and even i f  t h e o r e t i c a l l y  
p o s s i b l e  would s u f f e r  from a l m o s t  c e r t a i n  l o s s  of  h i g h l y  
t r a i n e d  p e r s o n n e l  t o  b e t t e r  paying j o b s  i n  i n d u s t r y .  T h e r e f o r e ,  
proposed sys tems  must be  f u l l y  p r o f i c i e n t  i n  d i a g n o s i n g  t h e i r  own 
problems.  Video d i s k  t echno logy  and e x p e r t  sys tems  must be 
developed f o r  t r a i n i n g  and i n s t r u c t i o n  t o  overcome t h i s  problem. 
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One o f  t h e  mos t  i m p o r t a n t  and d i f f i c u l t  t a s k s  i n  any  r e s e a r c h  and 
deve lopmen t  program is t o  s u c c e s s f u l l y  t r a n s f e r  t e c h n o l o g y  which 
was d e v e l o p e d ,  t e s t e d ,  and approved  i n  one  e n v i r o n m e n t  t o  an 
a p p l i c a t i o n  i n  a n o t h e r .  The d e v e l o p i n g  a c t i v i t y  may n o t  have  
i n c e n t i v e  t o  expend r e s o u r c e s  on what is  p e r c e i v e d  t o  b e  an 
e f f o r t  w i t h  n o  pay -o f f .  The p o t e n t i a l  r e c e i v e r ,  on t h e  o t h e r  
hand ,  p r e f e r s  t o  b e  f r e e  t o  d e v e l o p  t h e i r  own t e c h n o l o g y .  The 
NAVSEA R o b o t i c s  Program c o n s i s t s  o f  a  l a r g e  number of  r e l a t i v e l y  
i n d e p e n d e n t  p r o j e c t s  w i t h  g r e a t  commonal i ty  o f  g e n e r i c  
t e c h n o l o g y .  An e f f e c t i v e  t e c h n o l o g y  t r a n s f e r  c a p a b i l i t y  is 
t h e r e f o r e  a n  e s s e n t i a l  o b j e c t i v e .  

S e v e r a l  i m p o r t a n t  a s p e c t s  o f  t h a t  c a p a b i l i t y  a r e  i n  p l a c e ,  
i n c l u d i n g  t h e  R o b o t i c s / A r t  i f i c i a l  I n t e l l i g e n c e  D a t a b a s e  (RAID) , 
t h e  R o b o t i c s  R e f e r e n c e  L i b r a r y ,  and t h e  NAVSEA R o b o t i c s  
Commit tee .  These  r e p r e s e n t  t h e  f o u n d a t i o n  o f  t h e  t e c h n o l o g y  
t r a n s f e r  f u n c t i o n .  A c l i m a t e  where p r o s p e c t i v e  u s e r s  have  t i m e l y  
access t o  h i g h  q u a l i t y  p r o j e c t  d a t a ,  and a r e  m o t i v a t e d  t o  
i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  o f  t h e  new t e c h n o l o g y ,  w i l l  r e d u c e  
t h e  e x p e n d i t u r e  o f  r e s o u r c e s  on r e d u n d a n t  e f f o r t s  w h i l e  e n h a n c i n g  
t h e  d e c i s i o n  making p r o c e s s .  

The t h r u s t  o f  t h e  NAVSEA I n t e g r a t e d  R o b o t i c s  Program t h e r e f o r e  is 
n o t  o n l y  t o  i d e n t i f y  p o t e n t i a l  Navy r o b o t i c s  a p p l i c a t i o n s  and 
t e c h n o l o g y  v o i d s ,  b u t  a l s o  t o  b e  a b l e  t o  p r o v i d e  a  mechanism t o  
e f f e c t i v e l y  t r a n s f e r  t e c h n o l o g y  t o  t h e  u s e r s .  To a c c o m p l i s h  
t h i s ,  u s e r s  need t o  b e  i n v o l v e d  i n  t h e  p r o c e s s ,  work ing  p a r a l l e l  
w i t h  t h e  d e v e l o p e r s  t o  e n s u r e  a smooth h a n d o f f .  The u s e r s  e a r l y  
i nvo lvemen t  e n h a n c e s  t h e  d e s i g n  and f i t  between a v a i l a b l e  
t e c h n o l o g y  and t h e  p roposed  a p p l i c a t i o n  and i m p l e m e n t a t i o n .  

I m p l e m e n t a t i o n  o f  a  sound i d e a  may f a l t e r  b e c a u s e  o f  f a i l u r e  t o  
a p p r e c i a t e  t h e  i m p o r t a n c e  o f  advanced p r e p a r a t i o n .  T e c h n i c a l  
s u p e r i o r i t y  a l o n e  w i l l  n o t  g u a r a n t e e  a c c e p t a n c e .  The 
i m p l e m e n t a t i o n  p r o c e s s e s  r e q u i r e  a  s u p p o r t i v e  i n f r a s t r u c t u r e  and 
r e s o u r c e s  t o  p r e p a r e  and c a r r y  i t  t h r o u g h  t o  c o m p l e t i o n .  A s  t h e  
e n v i r o n m e n t  c h a n g e s  and r e s o u r c e s  become more l i m i t e d ,  t h e  
p r e s s u r e s  on b u i l d i n g  and m a i n t a i n i n g  s h i p s  and weapon s y s t e m s  a t  
a h i g h  s t a t e  o f  r e a d i n e s s  become a c u t e .  Meanwhile ,  a s  t h e  
a v a i l a b i l i t y  o f  new t e c h n o l o g i e s  a c c e l e r a t e s ,  t h e  c h a l l e n g e s  t o  
f i n d ,  select  and implement  t h e  mos t  a p p r o p r i a t e  t e c h n o l o g y  
i n c r e a s e s .  The s i t u a t i o n  demands an  a p p r o a c h  c r e a t i v e  and 
f l e x i b l e  enough t o  a d j u s t  t o  c h a n g i n g  c o n d i t i o n s ,  w h i l e  f o c u s i n g  
c o n t i n u o u s l y  on a p p l i c a t i o n  o f  r o b o t i c s  t e c h n o l o g y  t o  improve 
q u a l i t y  and p e r f o r m a n c e  o f  Navy s h i p s  and weapon s y s t e m s ,  
s i m u l t a n e o u s l y  r e d u c i n g  c o s t s ,  i n c r e a s i n g  e f f e c t i v e n e s s  and 
e n h a n c i n g  s a f e t y .  
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SUMMARY, CONCLUSIONS AND PROJECTIONS 

PROGRAM STATUS OVERVIEW 

Dur ing  F Y  85, a ma jo r  e f f o r t  was made t o  d e f i n e  t h e  c o m p r e h e n s i v e  
m i s s i o n  o f  t h e  Naval  Sea  Sys tems  Command I n t e g r a t e d  R o b o t i c s  
Program. T h i s  e f f o r t  was m o t i v a t e d  b y  p r e s s u r e  t o  seek o u t  
v i a b l e  a p p l i c a t i o n s  of  r o b o t i c s  t e c h n o l o g y  -- a p p l i c a t i o n s  
m e e t i n g  demands f o r  i n c r e a s e d  e f f i c i e n c y  and p r o d u c t i v i t y  , v i t a l  
t o  m a i n t a i n i n g  a h i g h  s t a t e  o f  r e a d i n e s s  w h i l e  c o m b a t t i n g  r i s i n g  
l i f e  c y c l e  c o s t s .  

The s e a r c h  f o r  r o b o t i c s  t e c h n o l o g y  a p p l i c a t i o n s  q u i c k l y  f o c u s e d  
on t h e  r o b o t i c s  p r o j e c t s  underway a t  NAVSEA. However, i t  became 
a p p a r e n t  t h a t  many t e c h n o l o g y  d e f i c i e n c i e s  e x i s t e d  i n  b o t h  t h e  
i n d u s t r i a l  and n o n - i n d u s t r i a l  c a t e g o r i e s ;  o u r  knowledge o f  
t e c h n o l o g y  a p p l i c a t i o n s  l a g g e d  o u r  u n d e r s t a n d i n g  o f  t e c h n o l o g y  
d e f i c i e n c i e s .  

The NAVSEA p r o j e c t s  a d d r e s s e d  i n  S e c t i o n  I S  r e p r e s e n t  a 30 
p e r c e n t  i n c r e a s e  i n  a c t i v i t y  o v e r  t h e  p r e v i o u s  y e a r .  Recogn iz ing  
t h a t  t h e  NAVSEA R o b o t i c s  Program is n o t  a ma jo r  s y s t e m  
a c q u i s i t i o n  program,  b u t  a  v a r i e t y  o f  ongoing  e f f o r t s ,  i t  is 
a p p a r e n t  t h a t  o b t a i n i n g  a  clear p i c t u r e  o f  t h e  NAVSEA r o b o t i c s  
e f f o r t  is a complex task .  An i n c r e a s e  i n  t h e  u s e  o f  r o b o t i c  
a l t e r n a t i v e s  by  NAVSEA is c l e a r l y  i n  e v i d e n c e  and t h e  
i m p l i c a t i o n s  are i m p o r t a n t .  A s  t h e  demand t o  implement  r o b o t i c  
s o l u t i o n s  t h r o u g h o u t  t h e  Command i n c r e a s e s ,  more p r o j e c t s  mus t  be  
examined w i t h  t h e  f u l l  knowledge o f  e x i s t i n g  r o b o t i c s  t e c h n o l o g y  
a v a i l a b l e .  

The O f f i c e  o f  R o b o t i c s  and Autonomous S y s t e m ' s  work t o  i d e n t i f y  
and a s s e s s  a v a i l a b l e  r o b o t i c  t e c h n o l o g y  h a s  l e d  t o  t h e  
deve lopmen t  o f  a  s t r u c t u r e d  a p p r o a c h  f o r  t e c h n o l o g y  a s s e s s m e n t ,  
a p p l i c a t i o n s  s t u d i e s ,  f o c u s e d  R&D and d e m o n s t r a t i o n  p r o j e c t s .  
T h i s  model may w e l l  b e  t h e  p r o t o t y p e  f o r  f u t u r e  Navy-wide 
a s s e s s m e n t s .  NAVSEA's r o b o t i c s  e f f o r t s ,  c o u p l e d  w i t h  t h e  
i nvo lvemen t  o f  t h e  J o i n t  Technology  P a n e l  f o r  R o b o t i c s ,  t h e  
v a r i o u s  Navy l a b o r a t o r i e s ,  OPNAV, and o t h e r  commands, h a s  
i n c r e a s e d  t h e  SEA 90G workload  s i g n i f i c a n t l y ,  b u t  h a s  g r e a t l y  
enhanced a w a r e n e s s ,  n o t  o n l y  a t  NAVSEA, b u t  Navy-wide . 
A s s e s s i n g  c u r r e n t  p r o j e c t s  and e s t a b l i s h i n g  a  c l e a r  u n d e r s t a n d i n g  
o f  t e c h n o l o g y  v o i d s  is v i t a l ,  b u t  t h e  s e a r c h  f o r  v i a b l e  
a p p l i c a t i o n s  o f  r o b o t i c s  t e c h n o l o g y  a p p l i c a t i o n s  must  g o  on a s  
w e l l .  The i m p o r t a n c e  of  e s t a b l i s h i n g  a  f u n c t i o n a l  t e c h n o l o g y  
t r a n s f e r  mechanism is e s s e n t i a l  t o  l i n k i n g  n e e d s  and 
c a p a b i l i t i e s .  The R o b o t i c s  and A r t i f i c i a l  I n t e l l i g e n c e  D a t a b a s e  
is a  key  mechanism f o r  t h e  s h a r i n g  o f  i n f o r m a t i o n  w i t h i n  t h e  Navy 
i n d u s t r i a l  and o p e r a t i o n a l  communi t i e s .  

T h e  need  t o  v a l i d a t e  h i g h - r e t u r n  r o b o t i c s  a p p l i c a t i o n s  i s  g rowing  
r a p i d l y .  A c l e a r  u n d e r s t a n d i n g  o f  b o t h  a v a i l a b l e  t e c h n o l o g y  
c a p a b i l i t i e s  and d e f i c i e n c i e s ,  a  mecha-nism t o  a s s e s s  p e r f o r m a n c e  
o f  ongoing  e f f o r t s ,  t h e  d e f i n i n g  of Navy-unique r e s e a r c h  and 
deve lopmen t  r e q u i r e m e n t s ,  and an a c t i v e  t e c h n o l o g y  t r a n s f e r  
p rogram a r e  a l l  e s s e n t i a l  e l e m e n t s  i n  mee t ing  t h e s e  n e e d s .  



PROGRAM STATUS OVERVIEW 

@ FY 85 WAS A YEAR OF PROGRESS: 

- CONSOLIDATION OF NAVSEA ROBOTICS PROGRAM 

- I D E N T I F I C A T I O N  OF OVER 65 E X I S T I N G  NAVSEA ROBOTICS 

PROJECTS 

- INTEGRATION TO ENHANCE TECHNOLOGY TRANSFER 

@ AREAS OF EMPHASIS: 

- E S T A B L I S H I N G  AWARENESS OF ROBOTICS TECHNOLOGY 

- I D E N T I F I C A T I O N  OF ROBOTIC A P P L I C A T I O N S  

- UNDERSTANDING OF TECHNOLOGICAL VOIDS 

- MATCHING NEEDS TO A V A I L A B L E  TECHNOLOGY 

- ASSESSING PERFORMANCE OF ONGOING EFFORTS 

- D E F I N I N G  NAVY-UNIQUE RESEARCH AND DEVELOPMENT NEEDS 

@ ROBOTIC EXPLORATORY GROUP OF NAVAL STUDIES BOARD 

CONCLUDED: 

- ROBOTIC TECHNOLOGIES HAVE HIGH DEGREE OF 

A P P L I C A B I L I T Y  TO NAVAL OPERATIONS 

- H I G H  RETURN A P P L I C A T I O N S  WILL REQUIRE NAVY 

DEVELOPMENT 



SUMMARY , CONCLUSIONS AND PROJECTIONS 

LESSONS LEARNED 

The NAVSEA R o b o t i c s  Program is b u i l t  on a f o u n d a t i o n  o f  
c e n t r a l i z e d  p o l i c y  g u i d a n c e  and d e c e n t r a l i z e d  e x e c u t i o n ,  s t r o n g l y  
e x e r c i s e d  by  t h e  p r o j e c t  managers .  Growing f rom i n i t i a l  e f f o r t s  
d e f i n i n g  g o a l s  and o b j e c t i v e s ,  t o  a  dynamic i n v o l v e m e n t  i n  o v e r  
s i x t y - f i v e  p r o j e c t s  c o v e r i n g  s e v e r a l  f u n c t i o n a l  a r e a s ,  h a s  been  a  
s i g n i f i c a n t  l e a r n i n g  e x p e r i e n c e .  I t  is c l e a r  t h a t  good 
communica t ions  and f e e d b a c k  be tween  a l l  p a r t i e s  a r e  e s s e n t i a l .  
A t  a l l  l e v e l s ,  a t h o r o u g h  u n d e r s t a n d i n g  o f  c a p a b i l i t i e s ,  c o u p l e d  
w i t h  a n  a p p r e c i a t i o n  o f  needed a p p l i c a t i o n s  and t e c h n o l o g y  
d e f i c i e n c i e s ,  is a p r e r e q u i s i t e  t o  d e v e l o p m e n t  o f  a  b a l a n c e d  and 
w o r k a b l e  l o n g - t e r m  r o b o t i c s  p l a n .  

W i t h o u t  a  d o u b t ,  t h e  most  v a l u a b l e  l e s s o n  l e a r n e d  is t h a t  t h e  
deve lopmen t  o f  a  c o m p r e h e n s i v e  b a s e l i n e  a s s e s s m e n t  is  i n t e g r a l  t o  
t h e  u n d e r s t a n d i n g  o f  t e c h n o l o g y  a p p l i c a t i o n s  and d e f i c i e n c i e s  . 
F u r t h e r ,  t h e  p r o j e c t  managers  must  b e  i n c l u d e d  i n  t h e  i n i t i a l  
p l a n n i n g  s t a g e s ,  possess a  work ing  knowledge o f  t h e  t e c h n o l o g y ,  
and a c t i v e l y  u s e  t h e  r e s o u r c e s  o f  t h e  O f f i c e  o f  R o b o t i c s  and 
Autonomous S y s t e m s ,  t h e  R o b o t i c s  Commit tee ,  and t h e  R o b o t i c s  and 
A r t i f i c i a l  I n t e l l i g e n c e  D a t a b a s e  ( R A I D ) .  P r o j e c t  managers  a r e  
n o r m a l l y  s o  ove rbu rdened  w i t h  t h e i r  own p r o b l e m s  on a  d a i l y  b a s i s  
t h a t  t h e y  a r e  n o t  i n c l i n e d  t o  seek o u t s i d e  i n v o l v e m e n t  t h a t  migh t  
p r o d u c e  s h o r t c u t s  t o  t e c h n o l o g y  d e v e l o p m e n t / a c q u i s i t i o n  . 
Anothe r  v i t a l  i n g r e d i e n t  t o  t h e  s u c c e s s  o f  emerg ing  NAVSEA 
r o b o t i c s  p rog rams  is a  s o l i d  6 . 1  and 6 .2  e f f o r t  p r i o r  t o  
i n i t i a t i n g  6.3 l e v e l  d e v e l o p m e n t .  T h i s  h a s  n o t  been  t h e  
e x p e r i e n c e  t o  d a t e .  Dur ing  R o b o t i c s  Commit tee  t e c h n i c a l  r e v i e w s ,  
i t  became a p p a r e n t  t h a t  c e r t a i n  p r o j e c t s  were f a i l i n g  t o  meet 
d e s i g n  g o a l s  d u e  t o  t h e  e x i s t e n c e  o f  t e c h n o l o g y  v o i d s  
u n i d e n t i f i e d  e a r l y  i n  t h e  p r o c e s s .  T h i s  r e s u l t e d  i n  f a l s e  s t a r t s  
r e q u i r i n g  r e d i r e c t i o n ,  and i n  some c a s e s ,  c a n c e l l a t  i o n  o f  ongoing  
e f f o r t s .  

I n  t h o s e  c a s e s  where  i t  becomes n e c e s s a r y  t o  p h a s e  ,down a  
p r o j e c t ,  i t  is wise t o  d e v e l o p  a l e s s o n s  l e a r n e d  p a c k a g e ,  even  
though  i t  is  p o s s i b l e  t h a t  t h e  f i n d i n g s  a r e  n e g a t i v e .  A l s o ,  
where  economy is r e q u i r e d ,  s c h e d u l i n g  and p r i o r i t i z a t i o n  a r e  
e s s e n t i a l  i n  o r d e r  t h a t  s l a c k  time c a n  be p u t  t o  p r o d u c t i v e  u s e .  

These  o b s e r v a t i o n s  u n d e r s c o r e  t h e  need t o  a r t i c u l a t e  common g o a l s  
and o b j e c t i v e s ,  d e v e l o p  t h e  knowledge b a s e ,  u t i l i z e  r e s o u r c e s  
s u c h  a s  t h e  R o b o t i c s  Commit tee  and R A I D ,  and maximize t e c h n o l o g y  
t r a n s f e r .  



LESSONS LEARNED 

0 COMMUNICATION I S  E S S E N T I A L  TO THE DEVELOPMENT PROCESS 

0 UNDERSTANDING OF ROBOTIC  C A P A B I L I T I E S  AND A P P R E C I A T I O N  OF 

TECHNOLOGY D E F I C I E N C I E S  I S  IMPORTANT 

0 P R I V A T E  INDUSTRY WILL NOT MEET A L L  NAVY NEEDS 

0 RESEARCH AND EXPLORATORY DEVELOPMENT REQUIRED: 

- TO A V O I D  F A L S E  STARTS 

- S O L I D  6.1 AND 6.2 EFFORTS MUST PRECEDE 6.3 PROJECTS 

0 PROJECT MANAGER INVOLVEMENT: 

- KNOWLEDGE OF ROBOTIC  TECHNOLOGY NECESSARY 

- P A R T I C I P A T I O N  I N  P L A N N I N G  AND ASSESSMENT REQUIRED 

0 TECHNOLOGY TRANSFER E S S E N T I A L  I N  L I G H T  OF L I M I T E D  

RESOURCES 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

APPLICATION/TECHNOLOGY MISMATCH CONCERNS 

To a c h i e v e  e f f e c t i v e  a p p l i c a t i o n  of r o b o t i c s  t e c h n o l o g y ,  i t  is 
n e c e s s a r y  t o  f i r s t  r a i s e  t h e  o v e r a l l  l e v e l  of u n d e r s t a n d i n g  and 
awareness  of  a v a i l a b l e  t e c h n o l o g i c a l  c a p a b i l i t i e s .  The  
development  of  t h e  t echno logy  b a s e l i n e  is ,  t h e r e f  o r e ,  an 
i m p o r t a n t  f i r s t  s t e p  i n  t h e  p r o c e s s .  E s t a b l i s h m e n t  of  a  
t echno logy  b a s e l i n e  a t  t h e  beg inn ing  of t h e  program would 
f a c i l i t a t e  t h e  p r o c e s s  of  a s s e s s i n g  t h e  e f f e c t i v e n e s s  of  c e r t a i n  
t e c h n o l o g i e s  i n  proposed a p p l i c a t i o n s .  

D e f i c i e n c i e s  i n  s u p p o r t i n g  t echno logy  w i l l  impede, if n o t  
p r e c l u d e ,  s u c c e s s f u l  implementa t ion  of  r o b o t i c  s o l u t i o n s .  The 
c h a l l e n g e  is t o  keep e x i s t i n g  p r o j e c t s  from o v e r r e a c h i n g ,  w h i l e  
b u i l d i n g  up a  w e l l  developed r o b o t i c  t echno logy  b a s e l i n e .  The 
a ssessment  and review of  ongoing p r o j e c t s  w i l l  c o n t i n u e  i n  o r d e r  
t o  e n s u r e  t h a t  d e s i g n  g o a l s  c a n  'be met w i t h  a v a i l a b l e  t echno logy .  
A t  t h e  same t i m e ,  t h e  i n c r e a s e d  b a s e  o f  knowledge of  p o t e n t i a l  
a p p l i c a t i o n s  and development  of  r e q u i r e d  t e c h n o l o g i e s  must be  
c o n t i n u a l l y  b a l a n c e d .  

The growth of  t echno logy  c o n t i n u e s  t o  a c c e l e r a t e .  Timely and 
a p p r o p r i a t e  s t e p s  must be t aken  t o  e n s u r e  t h a t  a v a i l a b l e  r o b o t i c  
t echno logy  is employed, w h i l e  a v o i d i n g  f a l s e  s t a r t s  on p r o j e c t s  
r e q u i r i n g  a s  y e t  unproven t e c h n o l o g i e s .  G r e a t e r  a p p l i c a t i o n  of 
t h e  e x i s t i n g  r o b o t i c s  p l a n n i n g  approach (page  6) w i l l  s u p p o r t  
i d e n t i f i c a t i o n  and u t i l i z a t i o n  of  a p p r o p r i a t e  t echno logy .  

Once c a n d i d a t e  p r o j e c t s  have  been s e l e c t e d  from t h e  p o t e n t i a l  
p o p u l a t i o n ,  t h e  measure of e f f e c t i v e n e s s  f o r  s p e c i f i c  
a p p l i c a t i o n s  must be d e t e r m i n e d .  Development and u s e  of  
a p p r o p r i a t e  c o s t  models ,  u n d e r s t a n d i n g  of sys tem n e e d s ,  and t h e  
r equ i rement  f o r  c o m p a t i b i l i t y  and s t a n d a r d i z a t i o n  a r e  a l l  
i m p o r t a n t  f a c t o r s  i n  t h e  e q u a t i o n .  A d d i t i o n a l  c o n c e r n s  i n c l u d e  
t h e  impact  on t r a i n i n g ,  manning l e v e l s ,  a t - s e a  c o n c e p t  
v a l i d a t i o n ,  and miss ion  r e a d i n e s s .  

I n  t h e  n e a r  t e rm,  i t  is e s s e n t i a l  t h a t  a t t e n t i o n  b e  focused on 
t h e  i m p l i c a t i o n s  of a d o p t i n g  r o b o t i c  t echno logy  on p o l i c y ,  
program s t r u c t u r e ,  o p e r a t i o n s ,  R & D I  manpower, t r a i n i n g  and s u p p l y  
s u p p o r t  . Communicating t h e  p o l i c y  r e g a r d i n g  t h e  r o b o t i c s  
t echno logy  t h r u s t  a t  NAVSEA, coupled  w i t h  t h e  need t o  p r o v i d e  an 
a c t i v e  t echno logy  t r a n s f e r  and s u p p o r t  s e r v i c e  b e n e f i c i a l  t o  b o t h  
NAVSEA f u n c t i o n a l  c o d e s  and t h e  r e s e a r c h  community, is i m p o r t a n t  
t o  t h e  u l t i m a t e  implementa t ion  of  p o t e n t i a l  a p p l i c a t i o n s .  
F u r t h e r ,  s t e p s  t o  e n s u r e  long-range  v i a b i l i t y  of t h e  program 
i n c l u d e  a  commitment t o  s e c u r i n g  s u p p o r t  f o r  t a l e n t ,  r e s e a r c h  
s t u d i e s  and o p e r a t i o n s ,  a s  w e l l  a s  expanding program a c t i v i t y  
i n t o  such  a r e a s  a s  i n t e r m e d i a t e  and d e p o t  l e v e l  r e p a i r ,  w h i c h  
a c c o u n t  f o r  a s i g n i f i c a n t  p o r t i o n  of  sys tem l i f e  c y c l e  c o s t .  



APPLICATION/TECHNOLOGY MISMATCH CONCERNS 

@ EARLY DEVELOPMENT OF ROBOTICS TECHNOLOGY B A S E L I N E  

CONTRIBUTES TO: 

- INCREASED AWARENESS OF TECHNOLOGICAL C A P A B I L I T I E S  

- E F F E C T I V E  A P P L I C A T I O N  OF ROBOTICS TECHNOLOGY 

- UNDERSTANDING OF SYSTEM I N T E G R A T I O N  NEEDS 

- PROMOTING COMPATIBILITY/STANDARDIZATION 

@ CONCERNS: 

- ROBOTIC  TECHNOLOGY B A S E L I N E  NOT F U L L Y  DEVELOPED 

- TECHNOLOGY D E F I C I E N C I E S  MAY IMPEDE T I M E L Y  AND 

E F F E C T I V E  IMPLEMENTATION R E S U L T I N G  I N  F A L S E  STARTS 

- LACK OF AWARENESS MAY RESULT I N  I N A P P R O P R I A T E  

A P P L I C A T I O N  

- A B I L I T Y  TO COPE W I T H  EXPANDING A C T I V I T Y  I N  NEW AREAS 

SUCH AS I N T E R M E D I A T E  AND DEPOT L E V E L  R E P A I R  

0 NECESSARY TO UNDERSTAND I M P L I C A T I O N S  OF ROBOTICS 

TECHNOLOGY A P P L I C A T I O N S  ON: 

- P O L I C Y  

- PROGRAM STRUCTURE 

- FUNDING 

- OPERATIONS 

- MANPOWER 

- T R A I N I N G  

- SUPPLY SUPPORT 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

PROGNOSIS: SHIPBUILDING AND WEAPONS MANUFACTURING 

S h i p b u i l d i n g  and weapons m a n u f a c t u r i n g  o f f e r  a f e r t i l e  f i e l d  f o r  
t h e  i n t r o d u c t i o n  o f  r o b o t i c  t e c h n o l o g y  i n t o  v a r i o u s  p r o c e s s e s ,  
b u t  s u c h  a t r a n s i t i o n  t o  f l e x i b l e  a u t o m a t i o n  w i l l  n o t  o c c u r  
o v e r n i g h t .  T h i s  is d u e  p r i m a r i l y  t o  t h e  low m a n u f a c t u r i n g  
volumes and a s s o c i a t e d  u n s t r u c t u r e d  e n v i r o n m e n t s  e n c o u n t e r e d  i n  
s h i p  c o n s t r u c t i o n ,  and t h e  lack o f  p r o d u c t  i o n - r e a d y  s e n s o r  and 
a d a p t i v e  c o n t r o l  t e c h n o l o g y  t o  r e s o l v e  t h e s e  i s s u e s .  
N e v e r t h e l e s s ,  e f f o r t s  a r e  underway t o  p u r s u e  t h o s e  a p p l i c a t i o n s  
most  f a v o r a b l e  f o r  n e a r - t e r m  d e v e l o p m e n t ,  t o  i n c l u d e  m a t e r i a l  
h a n d l i n g ,  s h e e t  metal f a b r i c a t i o n ,  c u t t i n g  o f  s t r u c t u r a l  
components ,  par t s  p o s i t i o n i n g ,  and w e l d i n g .  O t h e r  d e v e l o p m e n t s  
a r e  aimed a t  a u t o m a t i n g  v a r i o u s  machin ing  o p e r a t i o n s ,  s u r f a c e  
p r e p a r a t i o n  and p a i n t i n g ,  a.nd n o n c o n t a c t  i n s p e c t i o n  and 
measurement .  

Much o f  t h e  above  work h a s  a d d r e s s e d  r o b o t i c  w e l d i n g  b e c a u s e  
p r e v i o u s  a p p l i c a t i o n s  s t u d i e s  showed t h i s  t o  be t h e  most  
p r o d u c t i v e  a r e a  f o r  s h o r t - t e r m  i n v e s t m e n t .  The i n a b i l i t y  o f  
c o m m e r c i a l l y  a v a i l a b l e  r o b o t i c  w e l d i n g  s y s t e m s  t o  a d a p t  t o  
v a r i a t i o n s  i n  j o i n t  g e o m e t r y  b r o u g h t  on by  thermal .  e x p a n s i o n ,  
poor  i n i t i a l  f i t - u p ,  o r  o t h e r  v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  
w e l d i n g  p r o c e s s ,  h a s  impeded t h e i r  c o s t - e f f e c t i v e  u s e  b y  t h e  
Navy. The long- t e rm i n t e n t  t h e r e f o r e  o f  MT-funded r o b o t i c  
d e v e l o p m e n t s  i n  NAVSEA h a s  been  t o  p r o v i d e  t o  s u c h  s y s t e m s  t h e  
s e n s o r y  f e e d b a c k  needed  t o  i n c r e a s e  t h e i r  l e v e l  of i n t e l l i g e n c e  
and t o  a l l o w  them t o  f u n c t i o n  i n  an  a d a p t i v e  f a s h i o n  u n d e r  
c h a n g i n g  c o n d i t i o n s .  

The b u i l d i n g  o f  w a r s h i p s  is p e r h a p s  t h e  mos t  complex t a s k  
u n d e r t a k e n  by  a n y  i n d u s t r i a l  e n t e r p r i s e  anywhere  i n  t h e  w o r l d .  
I t  i n v o l v e s  t h e  d e s i g n ,  c o n s t r u c t i o n ,  i n s t a l l a t i o n ,  and t e s t i n g  
o f  s o p h i s t i c a t e d  weapons s y s t e m s ,  s e n s o r  s y s t e m s ,  and a v a s t  
number o f  s u p p o r t i n g  e n v i r o n m e n t a l  c o n t r o l  and o p e r a t i n g  
s u b s y s t e m s  w i t h i n  enormous s tee l  s t r u c t u r e s  which  o f f e r  o n l y  
l i m i t e d  p h y s i c a l  a c c e s s .  S h i p b u i l d i n g  tasks are  b a s i c a l l y  one- 
of-a-kind p r o d u c t i o n  o p e r a t i o n s  i n  a u n i q u e l y  u n s t r u c t u r e d  
e n v i r o n m e n t .  Fence  t h e  i m p l e m e n t a t i o n  o f  r o b o t i c s  t e c h n o l o g y  i s  
many times more d i f f i c u l t  t h a n  i n  o t h e r  i n d u s t r i e s  w i t h  h i g h  
volume,  r e p e t i t i v e  a s s e m b l y  l i n e  c h a r a c t e r i s t i c s .  

Two t h i n g s  a r e  h a p p e n i n g ,  however ,  which  c o l l e c t i v e l y  w i l l  
f a c i l i t a t e  t h e  e v e n t u a l  u s e  of  f l e x i b l e  a u t o m a t i o n  i n  
s h i p b u i l d i n g .  M a n u f a c t u r e r s  and systerrts  d e v e l o p e r s  a r e  now 
t u r n i n g  t h e i r  a t t e n t i o n  t o  t h a t  p o r t i o n  o f  t h e  market t h a t  
r e q u i r e s  some t y p e  o f  a d a p t i v e  c o n t r o l  f o r  r o b o t i c  s o l c t i o n s  t o  
be e f f e c t i v e .  W i t h  t h i s  i n c r e a s e d  l e v e l  o f  a t t e n t i o n ,  numerous 
fo rms  o f  process s e n s o r s ,  v i s i o n  s y s t e n s ,  and schemes  f o r  
w o r k c e l l  and f a c t o r y  a u t o m a t i o n  a r e  e v o l v i n g .  A t  t h e  same t i m e ,  
t h e  i m p l e m e n t a t i o n  on t h e  p a r t  o f  t h e  s h i p y a r d s  o f  g r o u p  
t e c h n o l o g y  c o n c e p t s  w i l l  e a s e  t h e  i n t r o d u c t i o n  of  t h i s  
i n t e l l i g e n t  a u t o m a t  i o n  i n t o  t a s k s  t h a t  were h e r e t o f  o r e  deemed 
i m p o s s i b l e ,  i n  t h a t  l o t  s i z e s  w i l l  i n c r e a s e  and e n v i r o n m e n t s  w i l l  
become more s t r u c t u r e d .  



PROGNOSIS: 

S H I P B U I L D I N G  AND WEAPONS MANUFACTURING 

Q H I G H  PAYOFF AND LOWEST R I S K  

a ADAPTIVE WELDING, SURFACE PREPARATION AND PAINTING, 

CLEANING, C U T T I N G  ARE DOABLE NOW AT M I N I M U M  R I S K :  

- COSTS COMING I N T O  RANGE 

- SUPPORTING CAD NOW A V A I L A B L E  

- MAJOR NAVY EFFORTS UNDERWAY 

a PAYOFF : 

- REDUCED COST 

- DECREASED PRODUCTION T I M E  

- INCREASED F L E X I B I L I T Y  I N  DESIGN CHANGES 

- IMPROVED Q U A L I T Y  

- IMPROVED I N D U S T R I A L  PREPAREDNESS 

- IMPROVED WORKING C O N D I T I O N S  



SUMMARY, CONCLUSIONS AND PROJECTIONS 

PROGNOSI St  REPAIR AND MA1 NTENANCE 

The m a j o r i t y  o f  i n d u s t r i a l  r o b o t i c  development  a c t i v i t y  t o  d a t e  
by NAVSEA has  a d d r e s s e d  a p p l i c a t i o n s  i n  s h i p b u i l d i n g  and weapons 
manufac tu r ing  as opposed t o  r e p a i r  and r e f u r b i s h m e n t ,  p r i m a r i l y  
due  t o  t h e  more s t r u c t u r e d  n a t u r e  of  l a r g e r  volume o p e r a t i o n s .  A 
s i g n i f i c a n t  s h a r e  o f  t h e  l i f e  c y c l e  c o s t s  of  a weapons sys tem,  
however, is d  i r e c t l y  a t t r i b u t a b l e  t o  t h e  r e p a i r  a.nd maintenance  
needs  o v e r  an  extended p e r i o d  -- o f t e n  g r e a t e r  t h a n  20 y e a r s .  
R i s i n g  c o s t s ,  and t h e  subsequen t  r e t r enchment  of t h e  s h i p b u i l d i n g  
and r e p a i r  i n d u s t r y ,  h a s  l e d  t o  c o n c e r n s  i n  t h e  Navy today  a s  t o  
whether  t h e  U.S. w i l l  b e  a b l e  t o  respond t o  t h e  s u r g e  demands 
which accompany emergency s i t u a t i o n s .  I n c r e a s e d  emphasis  may b e  
p l a c e d  on our  a b i l i t y  t o  q u i c k l y  respond t o  r e q u i r e m e n t s  f o r  
r a p i d  r e p a i r ,  a.nd f l e x i b l e  automat ion  i s  s e e n  a s  o f f e r i n g  a  
growing p o t e n t i a l  t o  improve c a p a b i l i t i e s  i n  t h i s  a r e a .  

Repai r  f u n c t i o n s  a t  n a v a l  sh ' ipyards  t y p i c a l l y  i n v o l v e  non- 
r e p e t i t i v e  p r o c e s s e s  t h a t  h e r e t o f o r e  were n o t  p r a c t i c a l  a s  
p o t e n t i a l  r o b o t i c  c a n d i d a t e s ,  i n  t h a t  t h e  time r e q u i r e d  t o  
program t h e  sys tem c o u l d  n o t  be amor t i zed  over  a ser ies  of  
i d e n t i c a l  p a r t s .  S i m i l a r  c o n d i t i o n s  p r e v a i l  i n  t h e  d e p o t - l e v e l  
r e f u r b i s h m e n t  o p e r a t i o n s  performed a t  Naval Weapons S t a t i o n s ,  
a l t h o u g h  t h e  number o f  r e p e t i t i v e  items g e n e r a l l y  is g r e a t e r .  The 
development  of  i n t e l l i g e n t  sys tems  w h i c h  r e l y  upon s e n s o r  
feedback t o  p r o v i d e  a d a p t i v e  c o n t r o l  h a s  opened up new a r e a s  of 
involvement ,  a l l o w i n g  p r a c t i c a l  implementa t ion  i n  low-volume, 
u n s t r u c t u r e d  env i ronments  t o  indeed become an a c h i e v a b l e  r e a l i t y .  

Looking back on t h e  t e c h n o l o g i c a l  advances  made i n  j u s t  t h e  p a s t  
f i v e  y e a r s ,  i t  is r e a s o n a b l e  t o  assume t h a t  r o b o t i c  sys tems  w i l l  
p l a y  a  s i g n i f i c a n t  r o l e  i n  r e p a i r  and r e f u r b i s h m e n t  o p e r a t i o n s  i n  
t h e  n o t - t o o - d i s t a n t  f u t u r e .  An i m p o r t a n t  c o n s i d e r a t i o n ,  
t h e r e f o r e ,  must b e  t o  e n s u r e  t h a t  s h i p s  and weapons sys tems  w h i c h  
w i l l  be i n t r o d u c e d  t o  t h e  f l e e t  i n  t h e  n e x t  10-15 y e a r s  a r e  
d e s i g n e d  w i t h  au tomat ion  i n  mind. There  is g r e a t  o p p o r t u n i t y  f o r  
t h e  e v e n t u a l  i n t e g r a t i o n  of  advanced t e c h n o l o g i e s  i n t o  modernized 
r e p a i r  and maintenance  a c t i v i t i e s  a t  b o t h  t h e  i n t e r m e d i a t e  and 
d e p o t  l e v e l ,  b u t  t h e  s h i p  sys tems  must b e  c o m p a t i b l e  w i t h  t h e  
p r o j e c t e d  r e p a i r  c a p a b i l i t i e s .  Design-for-automation i s s u e s  s u c h  
a s  s t a n d a r d i z a t i o n  of  f a s t e n e r s  and even subcomponents become 
v e r y  i m p o r t a n t  . 
A p p r o p r i a t e  a p p l i c a t i o n  of  f l e x i b l e  au tomat ion  c o u l d  v e r y  w e l l  
r e s u l t  i n  d r a m a t i c  r e d u c t i o n s  i n  r e p a i r  and o v e r h a u l  c o s t s .  
While t h e  t e c h n i c a l  r i s k s  a r e  somewhat g r e a t e r  t h a n  f o r  
s h i p b u i l d i n g  and manufac tu r ing  s c e n a r i o s ,  s o  a l s o  a r e  t h e  long-  
t e rm p o t e n t i a l  p a y o f f s .  Maintenance and r e p a i r  r e q u i r e m e n t s  w i l l  
c o n t i n u e  t o  grow long  a f t e r  t h e  600-ship Navy is r e a l i z e d ,  and i t  
is e s s e n t i a l  t h a t  i n n o v a t i v e  s o l u t i o n s  b e  developed and e x p l o i t e d  
t o  p r o v i d e  an a b i l i t y  t o  m a i n t a i n  a  h i g h  s t a t e  of f l e e t  
r e a d i n e s s .  The e v e n t u a l  i n t e g r a t i o n  of  e x p e r t  sys tems  d e s i g n e d  a s  
t r a i n i n g ,  d i a g n o s t i c ,  and d e c i s i o n  a i d s  w i l l  f u r t h e r  ex tend  
c a p a b i l i t i e s ,  broadening t h e  r ange  of  p o t e n t i a l  a p p l i c a t i o n s  
w h i l e  r educ ing  t h e  need f o r  s o p h i s t i c a t e d  t r a i n i n g  and s k i l l s .  



PROGNOSIS: 

R E P A I R  AND MAINTENANCE 

0 HIGHEST PAYOFF AND MEDIUM R I S K  

@ I N C R E A S I N G  USE OF CAD DATA, SENSOR FEEDBACK, AND IMPROVED 

PROGRAMMING TECHNIQUES MAKING I N D U S T R I A L  ROBOTS MORE 

PRACTICAL  FOR SMALL R E P A I R  JOBS 

0 I N T E G R A T I O N  WITH EXPERT SYSTEMS W I L L  EXTEND C A P A B I L I T Y  

0 S I G N I F I C A N T  SUCCESSES SHOULD BE EXPECTED I N  5 - 1 0  YEARS 

@ PAYOFF: 

- IMPROVED I N D U S T R I A L  PREPAREDNESS 

- HIGHER P R O D U C T I V I T Y  

- IMPROVED WORKING CONDIT IONS 

- HIGHER Q U A L I T Y  

- REDUCED T R A I N I N G / S K I L L S  REQUIREMENTS 

- MORE COMPLEX R E P A I R  C A P A B I L I T Y  

- REDUCED MANPOWER 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

PROGNOSIS: OPERATIONS/OPERATIONS SUPPORT 

The l i s t  o f  o p e r a t i o n a l  s c e n a r i o s  i n v o l v i n g  r o b o t i c  t echno logy  
c o n t i n u e s  t o  grow, w h i l e  t h e  p r o s p e c t s  f o r  t h e i r  broad 
a p p l i c a t i o n  remain somewhat u n c e r t a i n .  The u n s t r u c t u r e d  
env i ronments  i n  which t h e s e  proposed automated sys tems  must 
o p e r a t e  i n c l u d e  s h i p b o a r d ,  underwater  and a i r b o r n e  a p p l i c a t i o n s .  
Problems a r i s e  when s u c h  sys tems  become t o o  complex, o r  pe r fo rm 
u n r e l i a b l y  a t  c r i t i c a l  times. 

U p  t o  now, s u c c e s s f u l  a p p l i c a t i o n  of  s h i p b o a r d  au tomat ion  h a s  
been l i m i t e d  p r i m a r i l y  t o  combat sys tems .  The p r e s c r i b e d  i n t e n t  
h a s  been t o  i n c r e a s e  performance  and r e d u c e  manning r e q u i r e m e n t s  
o f  n a v a l  c o m b a t a n t s ,  w h i l e  m.a in ta in ing a  s a f e  and e f f e c t i v e  
f i g h t i n g  p l a t f o r m .  F a i l u r e  of a  c r i t i c a l  component,  however, c a n  
q u i c k l y  n e g a t e  any c o r r e s p o n d i n g  manpower s a v i n g s .  I n  f a c t ,  
e x p e r i e n c e  t o  d a t e  h a s  shown t h a t  i n  many c a s e s  i n v o l v i n g  
s h i p b o a r d  a u t o m a t i o n ,  p r o j e c t e d  manpower s a v i n g s  have n o t  been 
f u l l y  r e a l i z e d  d u e  t o  problems w i t h  sys tem r e l i a b i l i t y .  

The g r e a t e r  t h e  d e g r e e  o f  au tomat ion  employed, t h e  g r e a t e r  t h e  
need f o r  h i g h l y  t r a i n e d  p e r s o n n e l ,  i n  t h a t  maintenance  and r e p a i r  
r e q u i r e m e n t s  u s u a l l y  i n c r e a s e .  E i g n i f  i c a n t  advances  i n  
a r t i f i c i a l  i n t e l l i g e n c e  a r e  be ing  i n v e s t i g a t e d  f o r  t h e i r  
p o t e n t i a l  t o  a l l e v i a t e  some o f  t h e s e  problems.  B e f o r e  l o n g ,  use 
o f  e x p e r t  sys tems  as t r o u b l e s h o o t i n g  t o o l s  and t r a i n i n g  a i d s  w i l l  
b e  commonplace. 

S u c c e s s f u l  a d a p t a t i o n  o f  r o b o t i c  t echno logy  depends  h e a v i l y  on 
t h e  s e v e r i t y  of  t h e  o p e r a t i o n a l  envi ronment .  Hazardous d u t y  
f u n c t i o n s  i n v o l v i n g  t e t h e r e d  o r  semi-autonomous p l a t f o r m s  
o p e r a t i n g  on l a n d  o r  undersea  have g e n e r a t e d  much i n t e r e s t .  
A p p l i c a t i o n s  i n c l u d e  e x p l o s i v e  o rdnance  d i s p o s a l ,  NBC d e t e c t i o n  
and d e c o n t a m i n a t i o n ,  and mine p lacement  and n e u t r a l i z a t i o n .  
P r o j e c t e d  sys tems  show some p o t e n t i a l  f o r  improving u n i t  
e f f e c t i v e n e s s  and s a f e t y ,  w i t h  l i m i t e d  damage r e s u l t i n g  from 
sys tem f a i l u r e .  

I n  summary, a p p l i c a t i o n  of  r o b o t i c s  t echno logy  t o  c e r t a i n  Navy 
o p e r a t i o n a l  f u n c t i o n s  c a n  r e s u l t  i n  s i g n i f i c a n t  p r o d u c t i v i t y  
improvement, and r e d u c e  exposure  of  p e r s o n n e l  t o  haza rdous  
env i ronments .  Dangerous,  mundane o r  r e p e t i t i v e  o p e r a t i o n a l  
t a s k s  are pr ime p o t e n t i a l  c a n d i d a t e s  f o r  au tomat ion .  B e f o r e  
widespread a c c e p t a n c e  is p o s s i b l e  , however, problems a s s o c i a t e d  
w i t h  sys tem r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  and t r a i n i n g  w i l l  have 
t o  be s o l v e d .  Impact  on manning l e v e l s  and s k i l l s  r e q u i r e m e n t s  is 
n o t  a t  a l l  c l e a r  and must b e  f u r t h e r  a s s e s s e d ;  any r e s u l t i n g  
r e d u c t i o n  i n  manpower may w e l l  b e  accompanied by a s i g n i f i c a n t  
i n c r e a s e  i n  a s s o c i a t e d  s k i l l s  f o r  o p e r a t i o n  and maintenance .  
Another  f a c t o r  t o  c o n s i d e r ,  even w i t h  proven sys tem r e l i a b i l i t y ,  
is t h e  r e c o g n i t i o n  t h a t  t r a d i t i o n a l  Navy manning l e v e l s  a r e  
d i c t a t e d  by t h e  manpower needs  r e q u i r e d  d u r i n g  i n c r e a s e d  
r e a d i n e s s  c o n d i t i o n s ,  which may v e r y  w e l l  p r o v e  t o  b e  t h e  
dominant  i s s u e  from a n  o v e r a l l  p e r s p e c t i v e .  



PROGNOSIS: 

OPERATIONS/OPERATIONS SUPPORT 

0 P O T E N T I A L  H I G H  PAYOFF BUT H IGHEST R I S K  

@ UNSTRUCTURED ENVIRONMENT MAKES T H I S  THE MOST D I F F I C U L T  

PROBLEM 

@ I N I T I A L  AREAS OF I N V E S T I G A T I O N  TO INCLUDE:  

- UNDERWATER SEARCH 

- E X P L O S I V E  ORDNANCE DISPOSAL 

- M U N I T I O N S  HANDLING 

- NBC DEFENSE 

- M I N E  PLACEMENT/NEUTRALIZATION 

@ ANY R E S U L T I N G  REDUCTION I N  MANNING MAY BE MATCHED BY 

INCREASED MAINTENANCE REQUIREMENTS ( I N  THE SHORT TERM) 

@ S I G N I F I C A N T  SUCCESSES SHOULD B E  EXPECTED I N  1 0 - 1 5  YEARS 

0 PAYOFF : 

- REDUCED MANNING P O T E N T I A L  

- REDUCTION I N  NET T R A I N I N G  REQUIREMENTS 

- BETTER WORKING C O N D I T I O N S  

- IMPROVED QUALITY/PERFORMANCE 

- SAFETY I S S U E S  

- IMPROVED S U R V I V A B I L I T Y  



SUMMARY, CONCLUSIONS AND PROJECTIONS 

FY 86 PLANNING OBJECTIVES 

I n  F Y  86,  t h e  O f f i c e  o f  R o b o t i c s  and Autonomous Sys tems  w i l l  
p u r s u e  o b j e c t i v e s  i n  a way t h a t  b a l a n c e s  p rog rammat i c  and 
t e c h n i c a l  i n t e r e s t s .  T h e m a t i c a l l y ,  t h e  a p p r o a c h  w i l l  be t o  
d e v e l o p  t h e  program i n  a  s t e a d y ,  c o n s i s t e n t  manner t h a t  w i l l  
r e f l e c t  good management p r a c t i c e s ,  e s t a b l i s h  a c c o u n t a b i l i t y  a t  
b o t h  t h e  p r o j e c t  l e v e l  and t h e  program l e v e l  f o r  a c h i e v i n g  
r e s u l t s ,  and coordinate/prioritize/expedite r e s e a r c h  toward 
e a r l y ,  i n c r e m e n t a l  p a y o f f  a s  a n  encouragemen t  f o r  f u r t h e r  
i n v e s t m e n t  i n  t h e  deve lopmen t  o f  component ry  f o r  r o b o t i c s  
a p p l i c a t i o n s .  

The f i r s t  s t e p  i n  t h i s  p r o c e s s  i s  t o  c o n f i r m  by  i n s p e c t i o n ,  
a n a l y s i s ,  and e x p e r i e n c e  t h a t  t h e  Program P l a n  -- c o n s i s t i n g  o f  
a n  o v e r a l l  g o a l ,  t h r e e  s u b g o a l s ,  a  se t  o f  program and p r o j e c t  
o b j e c t i v e s ,  and a  s t r u c t u r e d  a p p r o a c h  (as set f o r t h  i n  S e c t i o n  I )  -- r e m a i n s  a v i a b l e  v e h i c l e  f o r  r e s p o n d i n g  t o  l e s s o n s  l e a r n e d .  
A l l  i n d i c a t o r s ,  i n c l u d i n g  i n d e p e n d e n t  o u t s i d e  a n a l y s e s  s u c h  a s  
t h a t  p r o v i d e d  b y  t h e  Naval  S t u d i e s  Boa rd ,  are t h a t  t h e  merits o f  
t h e  p l a n  a r e  many, and t h a t  t h e  e x i s t i n g  p r o b l e m s  a r e  n o t  of  a  
p l a n n i n g  n a t u r e .  

The r a p i d  g rowth  i n  t h e  number o f  p r o j e c t s  ( S e c t i o n  11) h a s  
s e r i o u s l y  ove r - t axed  t h e  r e s o u r c e s  o f  t h e  O f f i c e  o f  R o b o t i c s  and 
Autonomous Sys t ems .  The need  t o  remedy t h i s  s i t u a t i o n  is 
r e f l e c t e d  i n  b o t h  n e a r - t e r m  and o u t - y e a r  p l a n n i n g .  I n  F Y  86,  i t  
w i l l  be n e c e s s a r y  t o  improve  t h e  Annual O p e r a t i n g  P l a n  (AOP) 
which is t h e  mechanism by  which  work is s p e c i f i e d  and ranked  by 
p r i o r i t y .  The o v e r l o a d  o f  work c a n  a l s o  b e  a d d r e s s e d  t h r o u g h  t h e  
f o r m a l i z a t i o n  o f  t h e  R o b o t i c s  Commit tee .  Its e f f e c t i v e n e s s ,  i n  
t u r n ,  c a n  b e  maximized by  p r o v i d i n g  a c o h e r e n t  p r o c e s s  f o r  
c o n d u c t i n g  p r o j e c t  r e v i e w s ,  and d e v e l o p i n g  a p a c k a g e  o f  t o o l s  
p e r m i t t i n g  t h e  Commit tee  t o  r e n d e r  c o n s i s t e n t ,  u n i f o r m ,  and 
o b j e c t i v e  t e c h n i c a l  recommendat ions .  

The p r o j e c t  t h a t  best e x e m p l i f i e s  t h e  s p i r i t  and i n t e n t  o f  t h e  
R o b o t i c s  Program is t h e  I n t e g r a t e d  F l e x i b l e  Welding Sys tem 
(IFWS), t h e  f e a t u r e d  p r e s e n t a t i o n  a t  t h e  CAD/CAM Mini-Symposium 
o f  t h e  M a n u f a c t u r i n g  Technology  Adv i so ry  Group (MTAG). I n  t h e  
r ema inde r  o f  t h e  y e a r ,  i t  w i l l  g a i n  f u r t h e r  a t t e n t i o n  t h r o u g h  two 
t e c h n o l o g y  d e m o n s t r a t i o n s  o f  i ts p r i n c i p a l  components ,  and p l a n s  
w i l l  be comple t ed  f o r  implement ing  a n  e a r l y ,  i n t e r i m  s y s t e m  
c o n f i g u r a t i o n .  T h i s  i m p l e m e n t a t i o n ,  p l anned  f o r  P u g e t  Sound 
Naval  S h i p y a r d ,  is  e x p e c t e d  t o  have  p a y o f f  p o t e n t i a l  d u r i n g  t h e  
time r e q u i r e d  t o  c o m p l e t e  f u r t h e r  r e s e a r c h  t o  make t h e  s y s t e m  
f u l l y  a d a p t a b l e  t o  t h e  p r o d u c t i o n  env i ronmen t  t h a t  c h a r a c t e r i z e  
s h i p y a r d  e n d e a v o r s .  A s  t h e  major  u n d e r t a k i n g  i n  t h e  NAVSEA 
program,  t h e  IFWS p r o j e c t  i s  e x p e c t e d  t o  c o n t r i b u t e  v a l u a b l e  
l e s s o n s  and s p e c i f i c  t e c h n o l o g y  t h a t  c a n  be a d a p t e d  i n  o t h e r  
p r o j e c t s .  



FY 86 PLANNING OBJECTIVES 

@ SYSTEM OBJECTIVE:  TO REVIEW, CONFIRM, OR MODIFY THE PROGRAM 
PLANNING CONCEPT, APPROACH, AND GOAL/SUBGOALS/OBJECTIVES 
STRUCTURE 

@ KEY PROGRAMMATIC OBJECTIVES:  

- TO DEVELOP, PROMULGATE, AND MONITOR THE EXECUTION OF THE 
FY 86 ANNUAL OPERATING PLAN 

- TO COMPLETE THE FORMALIZATION AND I N S T I T U T I O N A L I Z A T I O N  OF 
THE ROBOTICS COMMITTEE 

- TO DEVELOP THE "TOOLSu REQUIRED BY THE ROBOTICS COMMITTEE 
TO E F F I C I E N T L Y  AND SYSTEMATICALLY CARRY OUT THE SCOPE OF 
I T S  CHARTER 

- TO E S T A B L I S H  THE INTEGRATED F L E X I B L E  WELDING SYSTEM AS 
THE TECHNOLOGICAL FORERUNNER FOR THE NAVSEA INTEGRATED 
ROBOTICS PROGRAM 

- TO DEMONSTRATE THE NEED FOR S I G N I F I C A N T L Y  INCREASING THE 
6.1 AND 6.2 TECHNOLOGY BASE DEVELOPMENT EFFORTS I N  SUP- 
PORT OF ROBOTICS TECHNOLOGY FOR NAVY-UNIQUE NEEDS 

- TO I N I T I A T E  THE INVESTIGATORY AND COMMAND AWARENESS 
ACTIONS THAT WILL PRODUCE A "BANK" OF VALIDATED FLEET 
OPERATIONAL SUPPORT A P P L I C A T I O N S  

- TO DEVELOP THE CONSORTIUM APPROACH FOR SHARING THE 
TECHNICAL S K I L L S  RESIDENT I N  SOME BUT NOT DUPLICATED I N  
A L L  OF THE NAVY SUPPORT CENTERS 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

FY 86 PLANNING OBJECTIVES (Cont inued)  

The s u c c e s s f u l l y  completed p r o j e c t  r ev iews  conducted  i n  t h e  p a s t  
y e a r  have demons t ra ted  t h a t  t h e  Navy's i n d u s t r i a l  r o b o t i c  needs  
have outpaced t h e  development  of t h e  r e q u i r e d  t echno logy  b a s e .  
F u r t h e r  i n v e s t i g a t i o n  h a s  r e v e a l e d  t h a t  t h e  c u r r e n t  t echno logy  
b a s e  r e s e a r c h  is s i g n i f i c a n t l y  unba lanced ,  w i t h  a r t i f i c i a l  
i n t e l l i g e n c e  b e i n g  much more t h o r o u g h l y  pursued t h a n  g e n e r a l  
r o b o t i c s  t echno logy .  I n  F Y  86, e f f o r t s  w i l l  b e  made t o  promote a  
b e t t e r  ba lanced program, i n c r e a s i n g  t h e  o v e r a l l  e f f o r t  i n  s u p p o r t  
of  r o b o t i c s ,  s o  t h a t  t h e  r e s u l t s  c a n  b e  used t o  s u p p o r t  
e n g i n e e r i n g  development  work i n  t h e  o u t  y e a r s .  I n  t h e  
i n t e r v e n i n g  p e r i o d ,  c o n c e n t r a t i o n  w i l l  c o n t i n u e  on u t i l i z i n g  t h e  
" r e q u i r e m e n t s  p u l l "  approach  t o  e s t a b l i s h  a  bank of approved 
a p p l i c a t i o n s  t h a t  c a n  b e  matched t o  t h e  a v a i l a b l e  t echno logy  i n  a 
manner t h a t  w i l l  e n s u r e  t h a t  e n g i n e e r i n g  development  e f f o r t s  w i l l  
e s s e n t i a l l y  b e  l i m i t e d  t o  pay-off o p p o r t u n i t i e s .  

The common ground f o r  i n t e g r a t i o n  a c t i v i t y  r e s i d e s  i n  t h e  
R o b o t i c s / A r t i f i c i a l  I n t e l l i g e n c e  Da tabase  ( R A I D )  . W i t h  t h e  d a t a  
c o l l e c t i o n ,  r e c o r d i n g  , r e t r i e v a l ,  and communicat ions e l e m e n t s  of 
t h e  RAID p r o c e s s  i n  p l a c e ,  t e s t e d  and working,  c o n c e n t r a t i o n  i n  
F Y  86 w i l l  b e  on a c h i e v i n g  g r e a t e r  u t i l i z a t i o n  of  t h e  w e a l t h  of 
d a t a  t h a t  has  been accumula ted .  T h i s  o b j e c t i v e  w i l l  b e  s o u g h t  
th rough  d i r e c t  s o l i c i t a t i o n  of a d d i t i o n a l  u s e r s  who may n o t  
c u r r e n t l y  be aware of t h e  ava i l ab l e  s e r v i c e .  A d d i t i o n a l l y  RAID 
s e r v i c e s  w i l l  b e  made more r e a d i l y  r e c o g n i z a b l e  by d e v e l o p i n g  
c o n c i s e  t e c h n o l o g i c a l  a b s t r a c t s  of e a c h  p r o j e c t  s o  t h a t  a  s i n g l e ,  
qu ick  r e a d i n g  c a n  a d v i s e  a  p r o j e c t  i n v e s t i g a t o r  whether  o r  n o t  
a n o t h e r  p r o j e c t  may b e  a b l e  t o  p r o v i d e  t e c h n o l o g i c a l  d a t a  i n  
s u p p o r t  of  h i s  p r o j e c t .  



FY 86 PLANNING OBJECTIVES (CONTINUED) 

@ SELECTED PROJECT OBJECTIVES:  

- TO CONDUCT TWO OR MORE DEMONSTRATIONS OF PROMISING TECH- 
NOLOGICAL DEVELOPMENTS THAT CAN BE I D E N T I F I E D  FOR ADAPTA- 
T I O N  TO ONE OR MORE NAVY A P P L I C A T I O N S  

- TO INCREASE BY 5 0  PERCENT THE NUMBER OF COMPREHENSIVE 
PROJECT REVIEWS TO UNCOVER TECHNOLOGY TRANSFER OPPORTUNI- 
T I E S  AND TO I D E N T I F Y ,  ASSESS, AND C L A S S I F Y  TECHNOLOGY 
D E F I C I E N C I E S  AND VOIDS 

- TO INCREASE BY 100 PERCENT THE U T I L I Z A T I O N  OF THE 
R O B O T I C S / A R T I F I C I A L  I N T E L L I G E N C E  DATABASE ( R A I D ) ,  AND 
EXPAND I T S  C A P A B I L I T Y  THROUGH M O D I F I C A T I O N S  TO PROVIDE 
CONCISE TECHNOLOGICAL ABSTRACTS THAT WILL INCLUDE: -- TECHNOLOGY ADVANCES SOUGHT 
-- TECHNOLOGY ADVANCES GAINED 
-- A MEASUREMENT OF DIFFERENCE BETWEEN EXPECTATIONS AND 

ACHIEVEMENTS -- AN ANALYTICAL "LESSONS LEARNED" SUMMARY 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

OUT-YEAR PLANNING INITIATIVES 

With t h r e e  y e a r s  o f  e x p e r i e n c e  on which t o  b a s e  i t s  l o n g e r - r a n g e  
p l a n n i n g ,  t h e  Off ice o f  R o b o t i c s  and Autonomous Sys tems  is w e l l  
p o s t u r e d  t o  complement i t s  s u c c e s s f u l  o v e r s i g h t  management o f  i t s  
many p r o j e c t s  w i t h  i n i t i a t i v e s  t h a t  w i l l  g r e a t l y  i n c r e a s e  i t s  
a b i l i t y  t o  e f f e c t  t h e  t e c h n i c a l  c o o r d i n a t i o n  r e q u i r e d  t o  b r i n g  
p r o j e c t s  t o  r e a d i n e s s  f o r  p r o t o t y p e  d e v e l o p m e n t  o r  p r e -  
imp lemen ta t  i o n  a n a l y s e s  and d e c i s i o n s .  

T rue  l o n g - r a n g e  p l a n n i n g  is s t i l l  n o t  f e a s i b l e  f o r  t h e  r e a s o n s  
e x p l a i n e d  i n  t h e  Program S t a t u s  and P r o g n o s i s ;  i t  is p o s s i b l e  
and a p p r o p r i a t e ,  however ,  t o  e x t e n d  t h e  p l a n n i n g  h o r i z o n  beyond 
t h a t  which h a s  h e r e t o f o r e  been  l i m i t e d  t o  r e m e d i a l  a c t i o n s  t a k e n  
t o  i n t e g r a t e  i n d e p e n d e n t l y  o r i g i n a t e d  p r o j e c t s  t o  t h e  b r o a d e r  
Program O b j e c t i v e s .  The r e q u i s i t e  p l a n n i n g  t o o l s  f o r  
t r a n s i t i o n i n g  f rom r e a c t i o n  p l a n n i n g  t o  n e a r - t e r m  p l a n n i n g ,  a,nd 
u l t i m a t e l y  t o  l ong- t e rm p l a n n i n g ,  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  
segment  on The P l a n n i n g  Mechanisms. 

O r g a n i z a t i o n a l l y ,  one  o f  t h e  key  i n i t i a t i v e s  f o r  e n s u r i n g  t h e  
s u c c e s s  of  t h e  R o b o t i c s  Program is t o  i n c r e a s e  t h e  r e s o u r c e s  
a v a i l a b l e  t o  t h e  program manager .  A d d i t i o n a l  p e r s o n n e l  a r e  
r e q u i r e d  i n  SEA 90G, p a r t i c u l a r l y  on t h e  t e c h n o l o g y  s i d e  o f  t h e  
house ,  w h e r e  t h e  ma jo r  need  is f o r  a n  a s s i s t a n t  t o  assume 
r e s p o n s i b i l i t y  f o r  t e c h n o l o g y  t r a n s f e r  a c t i v i t i e s .  I n  t h i s  r o l e ,  
t h e  a s s i s t a n t  would be a b l e  a l s o  t o  a d d r e s s  a t t e n t i o n  t o  t h e  
Command Awareness  sub -goa l  ( S e c t i o n  I ) ,  and i n i t i a t e  a  s e t  o f  
a c t i o n s  t o  g r e a t l y  e n l a r g e  t h e  Navy c o n s t i t u e n c y  o f  d e c i s i o n  
make r s  who a r e  aware  o f  b o t h  t h e  p o t e n t i a l  and l i m i t a t i o n s  of  
r o b o t i c s  t e c h n o l o g y .  

A d d i t i o n a l  a s s i s t a n c e  f rom e x t e r n a l  s o u r c e s  is  c o n t e m p l a t e d  
t h r o u g h  t h e  c o m p l e t i o n  of  a l a b o r a t o r y  c o n s o r t i u m  a r r a n g e m e n t  by  
which scarce t e c h n i c a l  r e s o u r c e s  w i l l  be s h a r e d  on a p r o j e c t - b y -  
p r o j e c t  bas is .  I n  i t s  i n i t i a l  c o n f i g u r a t i o n ,  t h i s  c o n s o r t i u m  
w i l l  be l i m i t e d  t o  t h e  f a c i l i t i e s  t h a t  a r e  l o c a t e d  i n  t h e  
Washing t o n ,  I) .C. a r e a ;  a s  t h e  c a p a b i l i t y  f o r  l o n g - r a n g e  p l a n n i n g  
improves ,  i t  is c o n c e i v a b l e  t h a t  t h e  c o n s o r t i u m  n o t i o n  c o u l d  b e  
e x t e n d e d  t o  t h e  r emote  c e n t e r s .  I t  is c l e a r  a t  t h i s  time t h a t  n o  
l a b o r a t o r y  o r  c e n t e r  w i l l  be -- o r  c a n  e x p e c t  t o  be -- e x p e r t l y  
s t a f f e d  t o  a d d r e s s  a l l  t h e  component  t e c h n o l o g i e s  r e q u i r e d  by 
r o b o t i c s  a p p l i c a t i o n s .  S h a r i n g ,  and t h e  prioritization/scheduling 
o f  e f f o r t ,  is t h e  o n l y  p r a c t i c a l  s o l u t i o n .  F o r  t h i s  t o  b e  
e f f i c i e n t  and e f f e c t i v e ,  t h e  p l a n n i n g  mechanisms w i l l  h ave  t o  b e  
e x e r c i s e d  e x t e n s i v e l y  and f i n e - t u n e d  a p p r o p r i a t e l y ,  as e x p e r i e n c e  
d i c t a t e s .  



OUT-YEAR PLANNING I N I T I A T I V E S  

@ ORGANIZATIONAL DEVELOPMENTS I N  THE NAVSEA O F F I C E  OF ROBOTICS 

AND AUTONOMOUS SYSTEMS 

@ PROGRESSIVE EXTENSION TO A BROADER NAVY CONSTITUENCY 

0 GREATER USE, WITH F I N E  TUNING, OF THE APPROVED BUT LARGELY 

DORMANT ROBOTICS PLANNING MECHANISM 

@ OPERATIONAL STATUS FOR THE LABORATORY/CENTER CONSORTIUM FOR 

SHARING SCARCE TECHNOLOGY-DEVELOPMENT RESOURCES 

0 CONCEPTUAL DEVELOPMENT OF THE NOTION OF MANPOWER L I M I T A T I O N S  

( I N  NUMBERS AND S K I L L S )  AS THE PRIME DRIVER FOR ACCELERATING 

THE ROBOTICS PROGRAM 

@ PROMOTE PROMPT AND FULL  P A R T I C I P A T I O N  OF THE J O I N T  TECHNICAL 

PANEL FOR ROBOTICS I N  PERFORMING A L L  R E S P O N S I B I L I T I E S  

ASSIGNED BY T H E I R  CHARTER 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

OUT-YEAR PLANNING I N I T I A T I V E S  ( C o n t i n u e d )  

E a r l y  i n  t h e  o u t  y e a r s ,  i t  w i l l  be n e c e s s a r y  t o  b u i l d  t h e  c a s e  
t h a t  t h e  u l t i m a t e  program d r i v e r  w i l l  be manpower -- n o t  
j u s t  p r o d u c t i v i t y ,  s a f e t y ,  o r  r e l i e f  f rom b o r i n g ,  mundane l a b o r .  
S i m i l a r l y ,  o u r  o u t - y e a r  p l a n n i n g  i n c l u d e s  a n  i n i t i a t i v e  t o  assist 
t h e  J o i n t  Technology  P a n e l  f o r  R o b o t i c s  (JTPR) t o  p e r f o r m  
e f f e c t i v e l y  i n  a l l  t h e  r e s p o n s i b i l i t i e s  a s s i g n e d  i n  t h e i r  
C h a r t e r ,  a s  p r e s c r i b e d  by  t h e  J o i n t  D i r e c t o r s  o f  L l a b o r a t o r i e s .  
T h i s  e f f o r t  w i l l  e n s u r e  t h a t  t h e  Navy's  i n t e r e s t s  a r e  f u l l y  
c o n s i d e r e d  i n  t h e  p r e p a r a t i o n  o f  t h e  J o i n t  Director ' s  Five-Year  
P l a n  f o r  t h e  deve lopmen t  o f  r o b o t i c s  t e c h n o l o g y .  

A s  o u t - y e a r  p l a n n i n g  p r o c e e d s  on t h e  c o u r s e  s k e t c h e d  o u t  above ,  
t h e  r o l e  o f  t h e  newly c h a r t e r e d  R o b o t i c s  Commit tee  w i l l  become 
more dominan t  i n  program g u i d a n c e  d e c i s i o n s .  The Commit tee  w i l l  
b e  s c h e d u l e d  more a g g r e s s i v e l y  t o  c o n d u c t  r i g o r o u s  p r o j e c t  
r e v i e w s  and t o  assist  p r o j e c t  managers  t o  su rmoun t  t e c h n i c a l  
h u r d l e s  impeding p r o g r e s s .  U s e  o f  t h e  new t o o l s  a t  a p p r o p r i a t e  
times i n  a c o n s i s t e n t  manner w i l l  g r e a t l y  i n c r e a s e  t h e  c a p a b i l i t y  
o f  t h e  Commit tee  t o  make prompt  and a c c u r a t e  a s s e s s m e n t s ,  t o  
e x t r a p o l a t e  knowledge g a i n e d  i n  one  p r o j e c t  t o  t h e  b e n e f i t  o f  
o t h e r  p r o j e c t s ,  and i n  t h e  p r o c e s s ,  t o  m e a s u r a b l y  improve t h e  
Commi t t ee ' s  c r e d i b i l i t y .  

The g r e a t e s t  c h a l l e n g e  t o  t h e  ou t -yea r  p l a n n i n g  p r o c e s s  is  t o  
overcome t h e  f u n d i n g  s h o r t f a l l s  t h a t  have  i n h i b i t e d  t h e  r a t e  o f  
p r o g r e s s  t h a t  c o u l d  be  a c h i e v e d  i n  d e v e l o p i n g  o r  a c q u i r i n g  
t e c h n o l o g y  f o r  Navy-unique n e e d s .  The f i r s t  i n i t i a t i v e  w i l l  b e  
t o  overcome t h e  a n o m a l i e s  i n  c o n t r o l  p r o c e d u r e s  t h a t  e f f e c t i v e l y  
s a y  t h a t  RDT&E f u n d s  mus t  g o  t o  approved  p r o j e c t s  ( n o t  s t u d i e s )  
w h i l e  w i t h h o l d i n g  O&MN f u n d i n g  t o  d o  s u c h  s t u d i e s  t h a t  would make 
p o s s i b l e  t h e  i d e n t i f i c a t i o n  o f  w o r t h w h i l e  ( c o s t  e f f e c t i v e  and 
t e c h n i c a l l y  f e a s i b l e )  p r o j e c t s  t h a t  would t h e n  q u a l i f y  f o r  RDT&E 
fund  i n g  s u p p o r t  . 



OUT-YEAR PLANNING I N I T I A T I V E S  (CONTINUED) 

@ PROMPT AND CONSISTENT USE BY THE ROBOTICS COMMITTEE I N  THE 

E F F E C T I V E  A P P L I C A T I O N  I N  PROJECT REVIEWS OF THE: 

- COST/BENEFIT  A N A L Y S I S  MODEL 

- TECHNOLOGY ASSESSMENT PROCEDURE 

- TECHNOLOGY TRANSFER MECHANISM 

- MANPOWER I M P L I C A T I O N  A N A L Y S I S  MODEL 

0 RESOLUTION OF FUNDING O B J E C T I V E  SHORTFALLS BY ENSURING: 

- O&MN FUNDING TO S A T I S F Y  PROGRAM R E Q U I R I N G  FOR: 
-- TECHNOLOGY ASSESSMENT S T U D I E S  

-- A P P L I C A T I O N  A N A L Y S I S  AND F E A S I B I L I T Y  REVIEWS 

-- ROBOTICS COMMITTEE SUPPORT 

-- COST B E N E F I T  A N A L Y S I S  MODEL DEVELOPMENT/REFINEMENT 

-- MANPOWER I M P L I C A T I O N  MODEL 

-- R A I D  ENHANCEMENT AND SUPPORT 

- RESEARCH, DEVELOPMENT AND T E S T I N G  FUNDING TO: 
-- E S T A B L I S H  A S O L I D  6.1, 6.2 ROBOTICS TECHNOLOGY BASE 

-- PROVIDE FOR I N T E R A C T I O N  W I T H  AND BETWEEN NAVY SUPPORT 

CENTERS 
-- F A C I L I T A T E  TECHNOLOGY TRANSFER 



SUMMARY, CONCLUSIONS AND PROJECTIONS 

THE PLANNING MECHANISMS 

The Technology Development Model 

The S t r u c t u r e d  Program o f  Technology Assessment ,  A p p l i c a t i o n s  
S t u d i e s ,  Focused R&D, and Demonstrat  i o n  P r o j e c t s ,  i l l u s t r a t e d  on 
t h e  f a c i n g  page ,  shows t h e  i n t e r r e l a t i o n s h i p s  between a l l  
f u n c t i o n s  f o r  which t h e  O f f i c e  of Robot ics  and Autonomous 
Systems -- w i t h  a c t i v e  p a r t i c i p a t i o n  of  t h e  R o b o t i c s  Committee -- 
m a i n t a i n s  o v e r s i g h t  and e f f e c t s  c o o r d i n a t i o n .  T h i s  s t r u c t u r e d  
program r e s u l t s  i n  t h e  i n c o r p o r a t i o n  of  r o b o t i c  t echno logy  i n t o  
Navy s h i p b u i l d i n g  and weapons manufac tu r ing  , r e p a i r ,  and 
o p e r a t i o n a l  a p p l i c a t i o n s .  

Because o f  t h e  h i g h l y  g e n e r i c  n a t u r e  of  t echno logy  (and t h e  
p remise  t h a t  p r o j e c t s  c o u l d  b e n e f i t  from c r o s s  f e r t i l i z a t i o n )  and 
d i v e r s e  n a t u r e  o f  a p p l i c a t i o n s ,  t h i s  program f e a t u r e s  c e n t r a l i z e d  
p o l i c y  d i r e c t i o n ,  d e c e n t r a l i z e d  e x e c u t i o n  of i n d i v i d u a l  p r o j e c t s ,  
and c l o s e  c o o r d i n a t i o n .  T h i s  approach r e q u i r e s  and stresses t h e  
development  and main tenance  of a  s h a r e d  t echno logy  b a s e l i n e  
d e f i n i n g  b o t h  t h e  c a p a b i l i t i e s  and l i m i t a t i o n s  of  t h e  t e c h n o l o g y ,  
and an a p p l i c a t i o n  b a s e l i n e  t h a t  d e f i n e s  when and where r o b o t i c s  
c a n  b e  a p p l i e d  s u c c e s s f u l l y  i n  t h e  Navy. A p p l i c a t i o n s  of  t h e  
s t r u c t u r e d  program i n  a s s e s s i n g  ongoing p r o j e c t s  were made d u r i n g  
FY 85. As an example, an  assessment  of  t h e  Robot A s s i s t e d  S u r f a c e  
P r e p a r a t i o n  and P a i n t  (RASPPI P r o j e c t  was performed by t h e  
Robot ics  Committee and t h e  d e t e r m i n a t i o n  was made t h a t  t e c h n i c a l  
f e a s i b i l i t y  had n o t  been d e m o n s t r a t e d ,  r e s u l t i n g  i n  a  r e d i r e c t i o n  
of  t h e  e f f o r t .  

There  is no f i x e d  e n t r y  p o i n t  f o r  t h e  model o u t l i n e d  i n  t h e  
i l l u s t r a t i o n .  A p p l i c a t i o n  of  t h e  model may b e g i n  w i t h  t h e  s u r v e y  
and assessment  of an ongoing p r o j e c t  (which is c h a r a c t e r i s t i c  of  
t h e  c u r r e n t  l e v e l  of a c t i v i t y  i n  t h e  Robot ics  Program),  a 
t echno logy  t r a n s f e r  a c t i o n ,  a  u s e r  r e q u i r e m e n t ,  o r  o t h e r  
a c t i v i t y .  Once t h e  model i s  a p p l i e d ,  however, t h e  f low 
c o n t i n u e s ,  and t h e  a p p l i c a t i o n ,  a s s e s s m e n t ,  o r  p r o j e c t  be ing  
c o n s i d e r e d  is s u b j e c t e d  t o  as many focused l o o k s  and i t e r a t i o n s  
a s  are r e q u i r e d  t o  l e a d  t o  a c o n c l u s i o n  -- implementa t ion ,  
r e d i r e c t i o n ,  o r  p o s s i b l y  t h e  i d e n t i f i c a t i o n  of a  t echno logy  v o i d .  
Given t h e  r e s o u r c e s  n e c e s s a r y  t o  implement t h e  model,  t h e  
f i n d i n g s  t h a t  r e s u l t  may be t h e  matching of a d e s i r e d  a p p l i c a t i o n  
t o  an  e x i s t i n g  t e c h n o l o g y ,  o r  t h e  d i s c o v e r y  of  a  t echno logy  t h a t ,  
th rough  t h e  p r o c e s s  of i n n o v a t i o n ,  c a n  be a p p l i e d  t o  a  p r e v i o u s l y  
u n a p p r e c i a t e d  need.  
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SUMMARY 8 CONCLUSIONS AND PROJECTIONS 

THE PLANNING MECHANISMS 

The P l a n n i n g  Scenar  i o  

The Robot ics  P l a n n i n g  S c e n a r i o  adds  t i m e  and f u n c t i o n a l  d e t a i l  t o  
t h e  c l o s e d - l o o p  approach s k e t c h e d  i n  t h e  f i r s t  i l l u s t r a t i o n ,  and 
spawns t h e  Annual Opera t ing  P l a n  (AOP) , which,  f o r  a  g i v e n  y e a r ,  
se ts  f o r t h  a  d e f i n i t i v e  s c h e d u l e  of a c t i o n s  t o  b e  under taken  o r  
comple ted .  The i l l u s t r a t i o n  shows t h e  g r e a t  d e g r e e  of 
i n t e r a c t i v i t y  r e q u i r e d  i n  t h e  p l a n n i n g  p r o c e s s .  The impor tance  
of  a c c u r a t e  and t i m e l y  i n p u t ,  open communicat ions,  and feedback 
t o  t h e  s u c c e s s f u l  development  and implementa t ion  c a n n o t  b e  
overemphasized . 
The P r o j e c t  I n t e g r a t i o n  Mat r ix  

The P r o j e c t  I n t e g r a t i o n  Mat r ix  l i s t s  t h e  i n d u s t r i a l  and non- 
i n d u s t r i a l  p r o j e c t s  t h a t  compr i se  t h e  NAVSEA I n t e g r a t e d  Robot ics  
Program a s  d e s c r i b e d  i n  S e c t i o n  11. The m a t r i x  shows t h e  d i v e r s e  
n a t u r e  of t h e  r e l a t e d  p r o j e c t s  w i t h i n  NAVSEA. P r o j e c t  management 
o r i g i n a t e s  from a  v a r i e t y  of NAVSEA Codes and i n v o l v e s  a  broad 
range  of p a r t i c i p a n t s  from government and p r i v a t e  i n d u s t r y .  T h e  
p r o j e c t s ,  r e p r e s e n t i n g  t h e  growing t h r u s t  of  t h e  NAVSEA Robot ics  
Program, a r e  a l l  a t  v a r i o u s  s t a g e s  i n  t h e  p l a n n i n g  s c e n a r i o .  The 
c o m p i l a t i o n  i n c l u d e s  over  f i f t e e n  f u n c t i o n a l  a r e a s  w i t h i n  t h e  
g e n e r a l  c a t e g o r i e s  of S h i p b u i l d i n g  and Weapons Manufac tu r ing ,  
Repai r  and Maintenance,  and O p e r a t i o n s .  
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